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3.0 PROJECT DESCRIPTION

3.1 INTRODUCTION

Donohue & Associates, Inc., (Donohue) is submitting this Quality Assurance
Project Plan (QAPP) for the Himco Dump Superfund Site RI/FS to the U.S.
Environmental Protection Agency (EPA), Region V, in response to EPA Work
Assignment No. 17-5L4J (EPA Contract No. 68-W8-0093). This document is
Volume 3 of the Himco Dump Work Plan and related project plans prepared by
Donohue. The purpose of the RI is to determine the nature, extent, and
sources of contamination at the Himco Dump site, and to gather data necessary
to support a baseline risk assessment and a feasibility study. The investiga-
tion will include waste characterization, determination of the presence/
absence of wetlands, surface water, sediment, and soil sampling analysis,
waste mass gas investigation, determination of hydrogeologic characteristics,
and groundwater characterization.

The purpose of the FS is to develop and evaluate appropriate remedial action
alternatives based on technical, environmental, public health, and economic
considerations, and to determine the most applicable remedial action alterna-
tive for the site.

The purpose of the Quality Assurance Project Plan (QAPP) is to present the
planned system of activities and expected level of data quality for the RI/FS.
The precision, accuracy, completeness, representativeness, and comparability
of the environmental data collected must be known and documented according to
this plan. Presented in this QAPP are the personnel responsible for quality
assurance, the data quality objectives, and the specific quality control
measures to be taken to reach the objectives.

This QAPP has been prepared in accordance with the 16 QAPP elements as speci-
fied in EPA QAMS 005/80, "Interim Guidelines and Specifications for Preparing
Quality Assurance Project Plans," and the "Region V Content Requirements for
QAPP" draft prepared by Cheng-Wen Tsai, February 1987, revised January 1989.
Preparation of this QAPP was accomplished after meetings on project scope,
data quality objectives, and QAPP contents were held between EPA, Indiana
Department of Environmental Management (IDEM), and Donohue.

3.2 SITE DESCRIPTION

The Himco Dump Site is a closed and covered landfill located at County Road 10
and the Nappanee Street extension in the town of Elkhart, located in Elkhart
County, Indiana (Figure 3-1). The site covers approximately 50 acres in the
Northeast quarter of Section 36, Township 38 North, Range 4 East, in Cleveland
Township. The site is bounded on the north by a tree line and northernmost
extent of the gravel pit pond; on the west by the fish pond; on the south by
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County Road 10 and the private residences; and on the east by the Nappanee
Street extension. The vicinity of the site is agricultural, residential, and
light industrial. Site features and existing monitoring wells are shown in
Figure 3-2.

Donohue conducted a site visit on November 9, 1989, to the Himco Dump with
representatives of the Indiana Department of Environmental Management (IDEM)
and the potentially responsible parties (PRPs). The purpose of the site visit
was to observe obvious surficial areas of environmental concern (e.g. stressed
vegetation, stained soils, and uncontrolled dumping), determine site access
points for field operations, and inspect the final cover for uncovered refuse
and surface water drainage patterns.

During the site visit, the final cover of sand overlying calcium sulfate was
observed. The thickness of sand across the site was observed to be 0 to
1 foot thick. The thickness of the calcium sulfate layer is unknown. The
western half of the dump was used as cropland (for soybeans) up to one year
ago. The eastern half of the site is covered by grassland with some tree
stands. There is an access road (made of sand) into the site near the inter-
section of County 10 and Nappanee Street. There is an abandoned gravel pit
operation in the northeast corner of the site. A truck scale, concrete struc-
tures, and a utility pole are in this area. The gravel pit itself is filled
with water, and a steep drop-off was observed. Some minor dumping into the
gravel pit pond was noted. Another pond exists in the southwest corner of the
site. It was reported that the owner of the property excavated this area to
create a "fishing hole" which was then stocked with fish. It is not known if
any biota still exist in this pond.

Surface water drainage across the Himco Dump site is probably radial due to
the configuration of the landfill. The highest point of the landfill is
probably near its geographic center at a reported height of 15 feet above
ground surface sloping to a height of 0 to 5 feet around the dump's perimeter.
Erosional areas were noted around the site, some of them penetrating the
calcium sulfate layer. Paper and plastic refuse also lay uncovered in certain
areas. There were also deep caverns noted in areas that were initially
created by burrowing rodents. Wildlife observed at the site included a four-
point buck and various species of birds.

On-site and off-site monitoring wells installed by the USGS were also
inspected by Donohue during the site visit. The wells were constructed of
2 -inch and 4-inch internal diameter (ID) polyvinyl chloride (PVC) and had no
protective casings. All wells checked had water in them, and these water
levels were recorded. These wells were reported to have been constructed in
the early 1980s.

An initial walk-through of the site was conducted with atmospheric monitoring
equipment (photoionization detector (HNu), landfill gas detector (Lumidor),
and geiger counter). Compounds monitored included: volatile organic com-
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pounds, hydrogen sulfide, methane, X-ray and gamma radiation. No readings
above background were detected on any of the instruments. However, "landfill
gas" smell was detected intermittently across the dump site.

3.3 SITE HISTORY AND BACKGROUND

The Himco Dump site was a privately owned site operated by Himco Waste Away
Service, Inc., that was in operation between 1960 and September 1976. A brief
history of the Himco Dump site was provided by Chuck Himes, principal landfill
operator, during the site visit on November 9, 1989. The area was initially a
marsh and grassland. There was no liner, leachate, or gas recovery system
constructed for the landfill. Refuse was placed at ground surface across the
site with the exception of trench filling in the eastern quarter of the site.
A total of 5 trenches 10 to 15 feet deep, a truck width wide and 30 feet long,
were excavated in this area. Paper refuse was reportedly dumped in these
trenches and burned. The landfill had no borrow source but obtained sandy
soil for daily cover from the gravel pit to the north, an excavated pond to
the west, and essentially anywhere around the perimeter of the site where sand
was available. It was reported that essentially two-thirds of the waste
present in the dump was calcium sulfate from Miles Laboratories. As much as
360 tons/day were dumped over an unknown time duration. Other wastes accepted
at the landfill included demolition/construction debris, industrial and hospi-
tal wastes, and, to a minor degree, general household refuse. In 1977, the
landfill was closed and covered. The cover was constructed of approximately
1 foot of sand overlying 6 inches of calcium sulfate.

In 1971, the Indiana State Board of Health (ISBH) first identified the Himco
site as an open dump. In early 1974, nearby residents of the Himco Dump
complained to the ISBH about color, taste, and odor problems with their
shallow wells.

Mr. Himes was advised by ISBH to replace six shallow water wells for resi-
dences immediately south of the landfill on County Road 10. Analyses of these
wells by the state showed high levels of manganese. The old wells were
finished at depths of approximately 22 feet, and the new wells were finished
at depths ranging from 152 to 172 feet below ground surface.

In 1975, Mr. Himes signed a consent agreement with the ISBH Stream Pollution
Control Board to close the dump by September of 1976. The final cover
consisted of calcium sulfate overlain by sand.

In 1980, the United States Geological Survey (USGS) conducted a hydrogeo-
logical study of northwestern Elkhart County, Indiana. The purpose of the
USGS study was to define the hydrogeology in the region and to determine the
hydrologic effects of the proposed pumping at the Elkhart Municipal Airport
located approximately one mile northeast of the Himco Dump. Data collected on
the groundwater regime included the thickness and areal extent of unconsoli-
dated deposits, their hydraulic conductivity, specific yield, transmissivity,
and storage coefficients. The general groundwater flow patterns and stream-
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aquifer connections were also defined (USGS, 1981). The USGS report deter-
mined the horizontal and vertical extent of the leachate plume from the Himco
Dump using concentrations of bromide in the groundwater. The bromide concen-
trations in groundwater have been monitored from 1979 until present.

In 1984, the EPA directed a field investigation team (FIT) consisting of their
subcontractor, Ecology and Environment (E&E). A site inspection was conducted
by E&E at the Himco Dump. Laboratory analysis of wells sampled by the FIT
members showed that the groundwater was impacted by metals and semi-volatile
and volatile organic compounds. The metals detected included aluminum,
arsenic, barium, chromium, cobalt, selenium, beryllium, cadmium, copper, zinc,
manganese, lead, nickel, and mercury. The volatile organic compounds (VOCs)
detected included: acetone, benzene, phenol, freons, 4-methylphenol,
trans 1,2-dichloroethane, 2-butane, chloroethane, and pyrene. At the time of
the site inspections, leachate streams were observed by the FIT members.

As of January 1990, the parcels of land which comprise the landfill are owned
by the following individuals or corporations:

I. Miles Laboratories
II. CLD Corporation
III. Alonzo Craft, Jr.
IV. Indiana and Michigan Electric Co.

3.4 CONTAMINANTS OF CONCERN AND POTENTIAL SOURCE AREAS

A site inspection was conducted in July 1984 by Ecology & Environment (E&E).
Groundwater, surface water, and sediment samples were taken and analyzed using
the Contract Laboratory Program (CLP) for volatile organics, acid/base-neutral
organics, polychlorinated biphenyls (PCBs), pesticides, total metals, and
cyanide. Results from this study are contained in Table 3-1. Shallow
well E/17', immediately downgradient of the site, contained elevated levels of
trans 1,2-dichloroethene, pyrene, acenaphthene, 2,4-dinitrotoluene, zinc,
cadmium, and aluminum compared to the upgradient well D/19'. Wells M and P
which are located on-site nearest the fill contained detectable phenol,
4-methylphenol, acetone, freons, chloroethane, and trans 1,2-dichloroethene.
Surface water and sediment quality at downgradient locations did not differ
from upgradient locations. The primary suspected contaminant source is the
landfill which is known to contain pharmaceutical waste, industrial waste,
municipal waste, and calcium sulfate. Primary release mechanisms include
particulate and volatile emissions, percolation, runoff, and erosion. These
release mechanisms result in a secondary contaminant source which includes
soil under and surrounding the landfill. The mechanisms and pathways appli-
cable to the Himco Dump Site are shown in Figure 3-3.

Secondary release mechanisms include percolation which results in potential
contamination of groundwater, sediment, surface water, and wetlands. The
secondary release mechanisms of runoff and erosion result in contamination of
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TABLE 3-1

DETECTED METALS - 1984
Hlmco Dump

E l k h a r t , Indiana

Units: ug/1 (ppb)

Offslte
Field Upgradlent Wells

Analytes

A 1 um1 num
Arsenic
Bar \ um
Bery 1 1 lum
Cadml um
Chroml um
Cobal t
Copper
I ron
Lead
Manganese
Mercury
Niche'
Se 1 en1 um
Tin
Vanadl um
Zinc

Blank D/19'

12.500
26

121
-
-

370
-

73
67.400

73
1,630
0.21
103

-
-
-
11 164

D/174'

—

-
-
-
-
-
-
-

1,230
-
158
-
-
2.0
-
-
38

E/17"

350.000
200
803
1 1
10

461
132
555

146.000
401

2,150
1 .4
422
14
-
326

1.630

E/174-

.
-
165
-
-
-
-
-

1 .580
-
41
-
-
-
32
-
44

M/24-

296
-
172
-
-
16
-
-

1 2 . 300
7.7
331
-
-
-
-
-
224

Dup
M24 '

269
-
175
-
-
12
-
-

14.800
9.0
320
-
-
-
-
-
309

Down Gradient
P/24'

175
26
97
-
-
-
-
-

1 1 . 400
6.7
182
-
-
4.7
-
-
58

1/35-

1 .890
-

414
-
-
-
-
-

5,520
-
133
-
-
-
-
-
IB

1/172-
.
-
66
-
-
-
-
-
507
-
24
-
-
-
55
-
55

Sediment
Surface Water Units:
UG DG
^ —

-
-
-
-
-
-
-
246 210
-
24 12
-
— —
-
-
- -
65

UG

1.640
1 .8
14

-
-
3.9
2.7
3.9

4.380
5.8
43
-
4.4
-

1 . 1
-
19

mg/kg (ppm)
-PC.

424
2.0
-
-
-

1 .3
-
-

1.550
1 .6
103
-
—
-

1 .2
-
S

= Not detected at or above contract required detection l i m i t .
UG * Uporadlent
DG ~ Downgradlent
X/VV « Well/tempi 1ng depth 1n feet.
DUP = F i e l d Duplicate

ARCS/P/HIMCO/ABB



TABLE 3-1

DETECTED ORGANICS - 1984
H1mco Dump

Elkh a r t , Indiana
(Cont inued)

Units: uo/1 (ppb)

Compound

V o l a t 1 l e s

Field Upgradlent W e l l s
Blank 0/19' D/174'E/17'

Acetone 32
Benzene 5 K
2-Butanone
Ch1oroethane
Ch1orof1uoromethane
Dlchlorod Ifluoromethane
1 ,1-Dlchloroethane
Trans 1.2-

D1chloroethene
Dlethylether
1.4-D1o*»ne
Ethyl benzene
2-Hexanone
Methylene Chloride
Toluene 5 K
Trlchloroethane
Carbon Olsulflde

Seml-Volattle»

1.2,4-Tr1ch1orobenzene
I,4-Dlcnlorobenzane

39
5 K

39
5

E/174'

5 K
5 K
5 K

10 K
7 K

M/24'
Dup

M/24'

5 K
5 K

P/24'

164
5 K

106

43 J
61 J

60
5 K

57 J
79 J

100
5 K
79

37 J
56 J

230
4

13
18 J
14 J
15

44 J
9 J

Off»1te
Down Gradient
1/35' 1/172'

5 K

Surface Water
UG DG

Sediment
Units: ug/kg (ppb)

UG DG

5 K
492 C

5 K
66 C
10 K

5 K
5 K
5 K
5 K

1

5 K
15 C

45 J 78 J

319 C 249 C
10 K 10 K

K = Compound detected above Instrument detection l i m i t but below contract required detection l i m i t .
J = Compound Identified by computer library search, concentration estimated.
C = Associated lab blank contained detectable l e v e l , value reported has had blank level subtracted from It.
UG Upgradlent.
DG = DoMngradlent.
X/VV
DUP

= Well/sampling depth In feet.
F i e l d Duplicate



TABLE 3-1

DETECTED ORGANICS - 1984
rllmco Dump

Elkhart. Indiana
(Continued)

Units: ug/1 (ppb)

Seml-Volat1 les
F 1 a l d
Blank

Upgradiant W e I I a
D/19' D/174' E/17" E/174'

15
25 K
20 K
9
13

M/24'

10 K

62
197

Dup
M/24'

76
235

Off»1ta
Down Gradient

P/24' 1/35' 1/172'

10 K 10 K 10 K

S
Surface Water Unite
UG OG UG

10 K 10 K

Sediment

Naphthalene 10 K
D1-N-Butylphtha1ate 10 K 10 K 10 K 10 K
Acenapthene
2,4-01n1trotoluene
N-N1trosodlnpropylamlne
Pyrene
Phenol
4-Methy 1 phono I
B1s(2-ethylhexyl)

phthalate 10 K 266 C 20
D l e t h y I p h t h a l a t e 10 K 10 K 10 K

Tentatively Identified Compounds

Caprolactam 224 J 145 J
Sulfur 39 J 41 J
Dloctylestei—

henanonedlolc add 1190 J

Unknown*

v o l a t i l e fraction 5 J
Semi-Volatile fraction

PCs/Past 1c1d«»

None detected
K = Compound detected above Instrument detection l i m i t but below contract required detection l i m i t .
J = Compound Identified by computer library search, concentration estimated.
C - Associated lab blank contained detectable level, value reported has had blank level subtracted from It.
UG = Upgradlent
DG = DoMngradlent
DUP = Field Duplicate

150 K

I ISO J

10BO J 13BO J

ARCS/P/HIMCO/AB8
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surface water, sediment, and wetlands. Contamination of surface water, sedi-
ment, wetlands, and air could arise from the secondary release mechanism of
dust emissions. Potential contaminant transport pathways to receptors include
air, groundwater, sediment, surface water, and wetlands. Primary receptors
include humans through ingestion, inhalation, and dermal contact; and terres-
trial and aquatic environmental species through ingestion, inhalation, and
dermal contact. Crops grown on the landfill cap could serve as a receptor
through uptake (ingestion) of contaminated groundwater and surface water.
Human and territorial receptors could then be exposed through ingestion and
dermal contact.

The following contaminants of concern have been selected based on the 1984
historical data and on data needs for the risk assessment and the remedial
alternative selection process:

Volatile Organics - CLP Target Compound List (TCL)
Semivolatile Organics - CLP Target Compound List (TCL)
PCBs/Pesticides - CLP Target Compound List (TCL)
Metals/Cyanide - CLP Target Analyte List (TAL)
Geotechnical Parameters - (grain size, Atterberg limits, permeability,

consolidation, triaxial shear) Organic carbon
will also be measured to assess the sorptive
properties of site soils and existing cap
materials for contaminant fate and transport
determinations.

Water Quality Parameters

The specific water quality parameters to be measured and the rationale for
their selection are listed below:

Chemical Oxygen Demand (COD): Measure of chemical oxidation in water;
poorly degradable contaminants will elevate COD above BOD level.

Chloride: Major mobile anion associated with typical landfill leachate.

Sulfate: Anion associated with typical landfill leachate; reduction of
organic sulfur occurs in anaerobic conditions and oxidation occurs in
aerobic conditions.

Ammonia, Nitrate and Nitrite, Total Kjeldahl Nitrogen: Specification of
nitrogen needed for remedial alternative selection.

Total Phosphorus: Indicator of agricultural use (on-site cropland); high
levels enhance algae growth and may complicate some treatment
alternatives.

Total Dissolved Solids, Total Suspended Solids: Remedial alternatives
such as filtration and sorbtion are dependent on solids loading.
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Alkalinity: Measure of buffering effect and ability to support algae
growth; high levels may complicate some treatment alternatives.

Bromide: Mobile anion previously detected by USGS and selected as the
indicator of the plume from the site.

Analysis of site samples for the water quality and geotechnical parameters
will be accomplished through the CLP Special Analytical Services (SAS)
program. Analysis of waste mass gas samples collected on sorbent tubes for
TCL volatile organics will also be accomplished through the CLP SAS program.
Detection limits for SAS analysis are included in the specific SAS requests in
Appendix A. Quantitation limits for TAL metals/cyanide and TCL volatile
organics, semivolatile organics, and PCBs/pesticides are contained in
Tables 3-2 and 3-3. Quantitation limits for SAS analytes are contained in
Table 3-4.

3.5 PROJECT OBJECTIVES

3.5.1 Objectives

The existing data base indicates that the primary potential contaminants
associated with the Himco Dump Site are heavy metals and semivolatile and
volatile organic compounds. The potentially contaminated media on-site
include soil, surface water, sediment, and groundwater. Based on an initial
evaluation and technical determinations reached at project scoping meetings,
the primary objectives of the Himco Dump RI/FS are to:

0 Characterize the nature and extent of contamination in the landfill,
site soils, surface water, sediment, wetland remnant area, and
groundwater. These media are potential contaminant sources or
pathways.

0 Determine the potential for contaminant transport from the landfill
via air, groundwater, and sediment/surface water pathways.

0 Evaluate a range of feasible, permanent solutions for on-site remedi-
ation in accordance with the Superfund Amendments and Reauthorization
Act.

0 Identify and develop standards and criteria for contaminant cleanup.

0 Conduct a baseline human health evaluation and an environmental
evaluation as appropriate for the site.

Phase I will determine if a source and a release exists and if a release via
the groundwater pathway has occurred. If a source and release is indicated by
the Phase I RI data, Phase II will further define the release and fill any
data gaps for the ecological and human risk assessments, treatability studies,
and remedial alternative evaluations.



TABLE 3-2

QUANTITATION LIMITS* FOR HAS TAL AND SAS INORGANIC COMPOUNDS
HIMCO DUMP RI/FS
Elkhart, Indiana

Analyte

Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Thallium
Vanadium
Zinc
Cyanide

Contract Required
Detection Limit
Water (ug/L) (1,2)

200
60
10
200
5
5

5000
10
50
25
100
3

5000
15
0.2
40

5000
5
10

5000
10
50
20
10

Private Well
(uq/L)

100
5
5

50
5

0.5
1000
10
10
10
100
2

1000
10
0.2
20

2000
2
5

1000
2
10
20
10

Soil (mq/kg) (3)

40
12
2
40
1
1

1000
2
10
5

20
1

1000
3

0.040
8

1000
1
2

1000
2

10
4
2

1. Subject to the restrictions specified in the first page of Part G,
Section IV of Exhibit D (Alternate Methods - Catastrophic Failure) any
analytical method specified in SOW Exhibit D may be utilized as long as
the documented instrument or method detection limits meet the Contract
Required Detection Limit (CRDL) requirements. Higher detection limits may
only be used in the following circumstance:

If the sample concentration exceeds five times the detection limit of the
instrument or method in use, the value may be reported even though the
instrument or method detection limit may not equal the Contract Required
Detection Limit. This is illustrated in the example below:



TABLE 3-2

QUANTITATION LIMITS* FOR RAS TAL AND SAS INORGANIC COMPOUNDS
HIMCO DUMP RI/FS
Elkhart, Indiana

(Continued)

For lead:

Method in use - ICP
Instrument Detection Limit (IDL) - 40
Sample concentration - 220
Contract Required Detection Limit (CRDL) = 5

The value of 220 may be reported even though instrument detection limit is
greater than CRDL. The instrument or method detection limit must be
documented as described in Exhibit #.

2. The CRDL are the instrument detection limits obtained in pure water than
must be met using the procedure in Exhibit E. The detection limits for
samples may be considerably higher depending on the sample matrix.

3. The detection limits for soil samples are approximately 200 times that for
water samples (per Region V Sample Handling Manual March, 1989).

ARCS/P/HIMCO/AD7



TABLE 3-3

QUANTITATION LIMITS* FOR HAS TCL AND SAS ORGANIC COMPOUNDS
HIMCO DUMP RI/FS
Elkhart, Indiana

Quantitation Limits**

Volatiles

1. Chloromethane
2. Bromomethane
3. Vinyl Chloride
4. Chloroethane
5. Methylene Chloride

6. Acetone
7. Carbon Disulfide
8. 1,1-Dichloroethene
9. 1,1-Dichloroethane
10. 1,2-Dichloroethene (total)

11. Chloroform
12. 1,2-Dichloroethane
13. 2-Butanone
14. 1,1,1-Trichloroethane
15. Carbon Tetrachloride

16. Vinyl Acetate
17. Bromodichloromethane
18. If2-Dichloropropane
19. cis-l,3-Dichloropropene
20. Trichloroethene

21. Dibromochloromethane
22. 1,1,2-Trichloroethane
23. Benzene
24. trans-l,3-Dichloropropene
25. Bromoform

26. 4-Methyl-2-pentanone
27. 2-Hexanone
28. Tetrachloroethene
29. Toluene
30. 1,1,2,2-Tetrachloroethane

31. Chlorobenzene
32. Ethyl Benzene
33. Styrene
34. Xylenes (Total)

CAS Number

74-87-3
74-83-9
75-01-4
75-00-3
75-09-2

67-64-1
75-15-0
75-35-4
75-34-3
540-59-0

67-66-3
107-06-2
78-93-3
71-55-6
56-23-5

108-05-4
75-27-4
78-87-5
10061-01-5
79-01-6

124-48-1
79-00-5
71-43-2
10061-02-6
75-25-2

108-10-1
591-78-6
127-18-4
108-88-3
79-34-5

108-90-7
100-41-4
100-42-5
1330-20-7

Water
uq/L

10
10
2
10
5

10
5
5
5
5

5
5
10
5
5

10
5
5
5
5

5
5
5
5
5

10
10
5
5
5

5
5
5
5

Private Well
uq/L

1.5
1.5
1.5
1.5
1

5
3

1.5
1.5
1.5

1.5
1.5
5

1.5
1.5

5
1.5
1.5
2

1.5

1.5
1.5
1.5
1

1.5

1.5
5

1.5
1.5
1.5

1.5
1.5
1

1.5

Low Soil/Sedimenta
Uq/Kq

10
10
10
10
5

10
5
5
5
5

5
5

10
5
5

10
5
5
5
5

5
5
5
5
5

10
10
5
5
5

5
5
5
5



TABLE 3-3

QUANTITATION LIMITS* FOR RAS TCL AND SAS ORGANIC COMPOUNDS
HIMCO DUMP RI/FS
Elkhart, Indiana

(Continued)

Quantitation Limits**

Semi-Volatiles CAS Number

35.
36.
37.
38.
39.

40.
41.
42.
43.
44.

45.
46.
47.
48.
49.

50.
51.
52.
53.
54.

55.
56.
57.
58.

59.

60.
61.
62.
63.
64.

65.
66.
67.
68.
69.

Phenol
bis(2-Chloroethyl) ether
2-Chlorophenol
1 , 3-Dichlorobenzene
1 , 4-Dichlorobenzene

Benzyl alcohol
1 , 2-Dichlorobenzene
2-Methylphenol
bis(2-Chloroisopropyl) ether
4-Methylphenol

N-Nitrosodinpropylamine
Hexachloroethane
Nitrobenzene
Isophorone
2-Nitrophenol

2 , 4-Dimethylphenol
Benzole acid
bis(2-Chloroethoxy) methane
2 , 4-Dichlorophenol
1,2, 4-Tr ichlorobenzene

Naphthalene
4-Chloroaniline
Hexachlorobutadiene
4-Chloro-3-methylphenol
(para-chloro-meta-cresol )
2-Methylnaphthalene

Hexachlorocyclopentadlene
2,4, 6-Tr ichlorophenol
2,4, 5-Tr ichlorophenol
2-Chloronaphthalene
2-Nitroaniline

Dimethylphthalate
Acenaphthylene
2 , 6-Dinitrotoluene
3-Nitroaniline
Acenaphthene

108-95-2
111-44-4
95-57-8
541-73-1
106-46-7

100-51-6
95-50-1
95-48-7
108-60-1
106-44-5

621-64-7
67-72-1
98-95-3
78-59-1
88-75-5

105-67-9
65-85-0
111-91-1
120-83-2
120-82-1

91-20-3
106-47-8
87-68-3

59-50-7
91-57-6

77-47-4
88-06-2
95-95-4
91-58-7
88-74-4

131-11-3
208-96-8
606-20-2
99-09-2
83-32-9

Water
ug/L

10
10
10
10
10

10
10
10
10
10

10
10
10
10
10

10
50
10
10
10

10
10
10

10
10

10
10
50
10
50

10
10
10
50
10

Private Well Low Soil/Sediment0
ug/L

2
1.5
2
2
2

2
2.5
1

2.5
1

1.5
2

2.5
2.5

2

2
20
2.5

2
2

2
2

2.5

1.5
2

2
1.5
1.5
1.5
1

1.5
1.5
1

2.5
1.5

Ug/Kq

330
330
330
330
330

330
330
330
330
330

330
330
330
330
330

330
1600
330
330
330

330
330
330

330
330

330
330
1600
330

1600

330
330
330
1600
330



TABLE 3-3

QUANTITATION LIMITS* FOR RAS TCL AND SAS ORGANIC COMPOUNDS
HIMCO DUMP RI/FS
Elkhart, Indiana

(Continued)

Quantitation Limits**

Semi-Volatiles

70.
71.
72.
73.
74.

75.
76.
77.
78.
79.

80.
81.
32.
83.
84.

85.
86.
87.
88.
89.

90.
91.
92.
93.
94.

95.
96.
97.
98.
99.

2 , 4-Dinitrophenol
4-Nitrophenol
Dibenzofuran
2 , 4-Dinitrotoluene
Diethylphthalate

4-Chlorophenyl-phenyl ether
Fluorene
4-Nitroaniline
4 , 6-Dinitro-2-methylphenol
N-nitrosodiphenylamine and
Diphenylamine

4-Bromophenyl-phenylether
Hexachlorobenzene
Pentachlorophenol
Phenanthrene
Anthracene

Di-n-butylphthalate
Fluoranthene
Pyrene
Butylbenzylphthalate
3,3' -Dichlorobenzidine

Benzo( a ) anthracene
Chrysene
bis ( 2-Ethylhexyl Jphthalate
Di-n-octylphthalate
Benzo ( b ) f luoranthene

Benzof k ) f luoranthene
Benzo ( a ) pyr ene
Indeno (1,2, 3-cd ) pyrene
Dibenz ( a , h ) anthracene
Benzo (g,h, ijperylene

CAS Number

51-28-5
100-02-7
132-64-9
121-14-2
84-66-2

7005-72-3
86-73-7
100-01-6
534-52-1
86-30-6 and
122-39-4

101-55-3
118-74-1
87-86-5
85-01-8
120-12-7

84-74-2
206-44-0
129-00-0
85-68-7
91-94-1

56-55-3
218-01-9
117-81-7
117-84-0
205-99-2

207-08-9
50-32-8
195-39-5
53-70-3
191-24-2

Water
ug/L

50
50
10
10
10

10
10
50
50
10

10
10
50
10
10

10
10
10
10
20

10
10
10
10
10

10
10
10
10
10

Private Well Low Soil/Sediment0
ug/L

(15)
1.5
1
1
1

1
1
3

(15)
1.5

1.5
1.5
2
1

2.5

2
1.5
1.5
3.5
— —

1.5
1.5***

1
1.5
1.5

1.5****
2

3.5
2.5
4

Uq/Kq

1600
1600
330
330
330

330
330

1600
1600
330

330
330

1600
330
330

330
330
330
330
660

330
330
330
330
330

330
330
330
330
330



TABLE 3-3

QUANTITATION LIMITS* FOR RAS TCL AND SAS ORGANIC COMPOUNDS
HIMCO DUMP RI/FS
Elkhart, Indiana

(Continued)

Quantitation Limits**

Pest ic ides/PCBs

100. alpha-BHC
101. beta-BHC
102. delta-BHC
103. gamma-BHC (lindane)
104. Heptachlor

105. Aldrin
106. Heptachlor epoxide
107. Endosulfan I
108. Dieldrin
109. 4,4'-DDE

110. Endrin
111. Endosulfan II
112. 4,4'-ODD
113. Endosulfan sulfate
114. 4,4'-DOT

115. Methoxychlor
116. Endrin ketone
117. alpha-Chlordane
118. gamma-Chlordane
119. Toxaphene

120. Aroclor-1016
121. Aroclor-1221
122. Aroclor-1232
123. Aroclor-1242
124. Aroclor-1248

125. Aroclor-1254
126. Aroclor-1260

CAS Number

319-84-6
319-85-7
319-86-8
58-89-9
76-44-8

309-00-2
1024-57-3
959-98-8
60-57-1
72-55-9

72-20-8
33213-65-9
72-54-8
1031-07-8
50-29-3

72-43-5
53494-70-5
5103-71-9
5103-74-2
8001-35-2

12674-11-2
11104-28-2
11141-16-5
53469-21-9
12672-29-6

11097-69-1
11096-82-5

Water
ug/L

0.05
0.05
0.05
0.05
0.05

0.05
0.05
0.05
0.10
0.10

0.10
0.10
0.10
0.10
0.10

0.5
0.10
0.5
0.5
1.0

0.5
0.5
0.5
0.5
0.5

1.0
1.0

Private Well
ug/L

0.010
0.005
0.005
0.005
0.030

0.005
0.005
0.010
0.010
0.005

0.010
0.010
0.020
0.10
0.020

0.020
0.030
0.020
0.020
0.25

0.10
0.10
0.10
0.10
0.10

0.10
0.10

Low Soil/Sediment0
Uq/Kg

8.0
8.0
8.0
8.0
8.0

8.0
8.0
8.0

16.0
16.0

16.0
16.0
16.0
16.0
16.0

80.0
16.0
80.0
80.0

160.0

80.0
80.0
80.0
80.0
80.0

160.0
160.0

Medium Soil/Sediment Contract Required Quantitation Limits (CRQL) for
Volatile TCL Compounds are 125 times the individual Low Soil/Sediment CRQL.

Medium Soil/Sediment Contract Required Quantitation Limits (CRQL) for Semi-
Volatile TCL Compounds are 60 times the individual Low Soil/Sediment CRQL.

Medium Soi/Sediment Contract Required Quantitation Limits (CRQL) for Pesti-
cide/PCB TCL compounds are 15 times the individual Low Soil/Sediment CRQL.



* Specific quantitation limits are highly matrix dependent. The
quantitation limits listed herein are provided for guidance and may not
always be achievable.

** Quantitation limits listed for soil/sediment are based on wet weight.
The quantitation limits calculated by the laboratory for soil/sediment,
calculated on dry weight basis as required by the contract, will be
higher.

*** Reported with benzo(a)anthracene.

**** Reported with benzo(b)fluoranthene.

( ) Estimated detection limit, actual values under investigation.

ARCS/P/HIMCO/AE9



TABLE 3-4

QUANTITATION LIMITS FOR SAS ANALYTES
HIMCO DUMP RI/FS
Elkhart, Indiana

SAS Analyte

Chloride
Sulfate
TDS
TSS
Alkalinity
TP
TKN
NH3
N02 4 N03
COD
Bromide
Organics -
Residential Wells
Inorganics -
Residential Wells

Atterberg Limits
Particle Size
Permeability
Consolidation
Triaxial Shear
Organic Carbon

Matrix
Quantitation

Limit

groundwater
groundwater
groundwater
groundwater
groundwater
groundwater
groundwater
groundwater
groundwater
groundwater
groundwater

5 mg/L
5 mg/L
20 mg/L
2-3 mg/L
2 mg/L
0.05 mg/L
0.1 mg/L
0.1 mg/L
0.10 mg/L
5 mg/L
0.10 mg/L

- See Table 3-3

- See Table 3-2

soil
soil
soil
soil
soil
soil

not applicable
1%
not applicable
not applicable
not applicable
0.10%



TABLE 3-4

QUANTITATION LIMITS FOR SAS ANALYTES
HIMCO DUMP RI/FS
Elkhart, Indiana

(Continued)

Volatile Organics Matrix

Benzene sorbent tube
Bromodlchloromethane sorbent tube
Bromoform sorbent tube
Bromomethane sorbent tube
Carbon Tetrachloride sorbent tube
Chlorobenzene sorbent tube
Chloroethane sorbent tube
Chloroform sorbent tube
Chloromethane sorbent tube
Dibromochloromethane sorbent tube
1.1-Dichloroethane sorbent tube
1.2-Dichloroethane sorbent tube
1.1-Dichloroethene sorbent tube
1.2-Dichloroethene (Total) sorbent tube
lr2-Dichloropropene sorbent tube
Cis-1,3-Dichloropropene sorbent tube
Trans-1,3-Dichloropropene sorbent tube
Ethyl Benzene sorbent tube
Methylene Chloride sorbent tube
1,1,2,2-Tetrachloroethane sorbent tube
Tetrachloroethene sorbent tube
Toluene sorbent tube
1,1,1-Trichloroethane sorbent tube
1,1, 2-Trichloroethane sorbent tube
Trichloroethene sorbent tube
Vinyl Chloride sorbent tube
Acetone sorbent tube
Carbon Disulfide sorbent tube
2-Butanone sorbent tube
Vinyl Acetate sorbent tube
4-Methyl-2-Pentanone sorbent tube
2-Hexanone sorbent tube
Styrene sorbent tube
m-Xylene sorbent tube
o-Xylene sorbent tube
p-Xylene sorbent tube

Quantitation Limit
(nq/tube)**

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

** Assuming cartridge is packed with 2 grams of Tenax.

ARCS/P/HIMCO/AFO
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The Phase I field investigation will consist of the following tasks:

Site survey and topographic mapping.
* Electromagnetic survey for fill boundary determination.
* Sampling and analysis of wetlands.
* Monitoring well installation, sampling and analysis (quarterly for

four quarters).
' Soil boring sampling and analysis.
* Existing monitoring well sampling and analysis (quarterly for four

quarters)
* Private well sampling and analysis (quarterly for four quarters).
* Leachate sampling and analysis (if seeps present).
* Landfill waste sampling and geotechnical analysis.
" Landfill cap surface soil sampling and analysis.
* Landfill waste mass gas sampling and analysis.
0 Sediment and surface water sampling and analysis from quarry.
* Sediment and surface water sampling and analysis from fish ponds.
e Installation of staff gauges.

The scope of the Phase II field investigation will be dependent on whether a
source exists and releases to groundwater, surface water, sediment, and air
have occurred. The following tasks are proposed for Phase II if a source and
releases are determined by the Phase I RI data:

* Gravity survey to map bedrock valley location.
" Sampling and analysis of quarry biota.
e Sampling and analysis of pond biota.
° Air pathway analysis.

The rationale for each of the tasks and a summary of the field procedures and
chemical analyses are discussed below. Detailed descriptions of exact sample
locations and specific sample collection protocols are included in the Field
Sampling Plan, Volume 2.

3.5.2 Data Uses

The data collected during the RI will be used to satisfy data needs associated
with site characterization, risk assessment, and evaluation of remedial alter-
natives during the FS. Data needs specific to the Himco Dump RI/FS have been
identified by evaluating existing data with reference to the Conceptual Site
Model and are discussed in Section 4.0 of the Work Plan (Volume 1A).

Due to continuing concerns from the nearby residents who have not been using
their residential well water for drinking or cooking purposes, residential
wells will be sampled and analyzed quarterly using low level detection limits
to determine if the well water presents a risk to health and meets current
state and federal criteria. Data from the residential wells will also be used
to determine if a plume from the landfill exists.
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Users of the data generated from this RI/FS will consists of the EPA, IDEM,
health assessment scientists, engineers, hydrogeologists, geologists, biolo-
gists, and chemists. The potentially responsible parties (PRPs) will also
review the data collected. Wetlands were determined to be present by the U.
Fish and Wildlife Service, Bloomington, Indiana. A 404 permit may be
required, and the endangerraent assessment will be reviewed by the Corps of
Engineers since the EPA will not be funding the remedial design. The U.S.
Fish and Wildlife Service will also be involved in the endangerment assess-
ment. Because the Himco Dump is proposed for the National Priorities List
(NPL), the RI data will also be used by the EPA to determine whether to list
or delist the site.

3.5.3 Data Quality Objectives

Data Quality Objectives (DQOs) were developed by EPA based on the premise that
different end-uses of data necessitate varying levels of analytical data
quality. EPA has defined five levels of analytical data quality: Level (I),
field screening; Level (II), on-site analysis; Level (III), off-site analysis
by EPA-approved method; Level (IV), Contract Laboratory Program (CLP) Routine
Analytical Services (RAS) analysis; and Level (V), Special Analytical Services
(SAS) analysis.

Data needs specific to the Himco Dump RI/FS have been identified by evaluating
existing data with reference to the Conceptual Site Model and determining what
additional data are necessary in order to accomplish the project objectives.
The RI field program will key in on the sampling and analysis of the suspected
primary source and the pathways as presented in the Conceptual Site Model.

The primary suspected contaminant source at the Himco Dump Site is the land-
fill. No direct analysis of the composition and concentrations of the fill or
leachate is available. The type, depth, and amount of waste disposed of at
the site is unknown. Therefore, no straight-forward statistical method is
available for determining the expected variations or sampling density required
to obtain a representative estimate of the contamination. Instead, a sampling
grid will be established on the fill on 250-foot centers to provide a system-
atic coverage of the fill area. The limits of fill will be determined by an
electromagnetic survey. Soil/waste samples will then be collected for chemi-
cal analysis (DQO Level IV) at the surface (0 to 6 inches) to determine if
risk to receptors by particulate emission releases exists and to evaluate
remedial alternatives. Geotechnical analyses will be done on samples
collected to a depth of 3 feet in the waste. DQO Level V will be used for the
geotechnical parameters of consolidation and triaxial shear. These geotech-
nical parameters are needed to predict the amount and rate of settlement of
the fill under loads and to determine the strength of the existing cap for
remedial alternative selection.
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Field instruments will be used to measure the percent methane and hydrogen
sulfide at the grid sampling points using DQO Level I. A field portable
photoionization detector will be used to provide data on the order of magni-
tude of VOCs at each of the borings (DQO Level I). Selected grid locations
with the highest field VOC concentrations will be sampled using a calibrated
pump and sorbent tubes. Samples will be analyzed using DQO Level V to deter-
mine the identity and quantity of VOCs in the waste mass gas for purposes of
risk assessment and remedial alternative selection. If leachate seeps are
visible during the Phase 1 field program, they will be sampled and analyzed
using DQO Levels IV and V.

The secondary contaminant source area at the Himco Dump Site is the soil.
Based on the measured contamination in groundwater immediately downgradient of
the site, the vadose zone soil is believed to be contaminated. However, no
direct analysis of any site soils has been done. Deeper subsurface drilling
through the waste to sample underlying soil is not proposed for Phase I RI
activities. However, during installation of the ten proposed new monitoring
wells, soil samples will be collected and analyzed using DQO Level IV.
Selected soil samples will also be analyzed for the geotechnical parameters of
Atterberg limits, grain size, total organic carbon and permeability using DQO
Level V to characterize the geologic conditions.

Four potential contaminant migration pathways have been identified in the
Conceptual Site Model. Groundwater is the pathway of greatest concern as
site-derived contaminants have been measured historically and receptors are
located immediately downgradient of the site. Groundwater from both existing
USGS wells and proposed new wells will be collected and analyzed quarterly
using DQO Level IV.

The groundwater chemistry data will be used to determine the nature and extent
of contamination and develop the risk assessment. In order to fully evaluate
remedial alternatives, hydrogeologic data also need to be collected. Aquifer
conductivity will be determined using slug tests on new and existing wells.
Water levels will be measured to develop a groundwater table map. Groundwater
discharge to surface water bodies (quarry, fish ponds) will also be assessed
with staff gauges. Field parameters that assess groundwater stability after
purging (pH, conductivity, dissolved oxygen (DO), and temperature) will be
measured using DQO Level I.

Private well sampling will be conducted quarterly at the six residences that
are located along the southern edge of the site. Historical state data
indicated elevated levels of the water quality parameters of COD, iron, and
manganese in the shallow wells on these properties. No validated chemistry
data are available on the deeper wells. DQO Level V will be used in the
analysis of the private well samples, since lower than the CLP RAS detection
limits are needed to meet Maximum Contaminant Levels (MCLs) and Recommended
Maximum Contaminant Levels (RMCLs) for drinking water. Field parameters of
pH, conductivity, dissolved oxygen (DO), and temperature will be measured
using DQO Level I to assess groundwater stability after purging.
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The surface water and sediment pathway will be sampled during the Phase I RI
using DQO Levels IV and V. Two fish ponds and a quarry are located adjacent
to the fill area and may be impacted from the site. No historical chemical
data exist for the surface water or sediment in the quarry or ponds. Data
will be used in developing the ecological and human risk assessment.

A determination of the presence of wetlands as defined by the Federal Manual
for Identifying and Delineating Jurisdictional Wetlands was made by the U.S.
Fish and Wildlife Service, Bloomington, Indiana. Sampling of wetland soils
will therefore occur in Phase I.

The air pathway will be modeled using data on VOCs collected from the DQO
Level V waste mass gas monitoring during Phase I. No direct air monitoring
and sampling is planned for Phase II unless data from Phase I indicate a
significant risk to receptors.

A summary of the DQO levels proposed for this investigation is presented in
Table 3-5. DQO summary forms used during the scoping process are included in
Appendix B.

3.6 SAMPLE NETWORK DESIGN AND RATIONALE

A sampling and analysis summary table is presented in Table 3-6. Complete
descriptions of sampling activities including sampling location diagrams,
number of samples, and rationale of selected locations are presented in the
Field Sampling Plan (FSP) (Volume 2).

3.7 PROJECT SCHEDULE

The proposed schedule is presented in Chapter 8 of the Work Plan (Volume 1A) .

The proposed schedule for the RI/FS is based on conditions discussed in the
Work Plan. A six-week CLP turnaround time for RAS and SAS sample analysis
with an additional three -week turnaround time for EPA data validation were
assumed in developing this schedule. Groundwater and private well water
samples will be collected quarterly (every 3 months) and sent through the CLP
for one year to collect enough data to assess if seasonal variations are
occurring.

The proposed schedule assumes ready access to the site. The proposed schedule
also assumes that health and safety personnel protection requirements are
Level D, with possible upgrade to Level C, as detailed in the Himco Dump RI/FS
Health and Safety Plan (Volume 4) . Variation from these assumptions may
result in schedule delays.



TABLE 3-5

DQO LEVELS
HIMCO DUMP RI/FS
Elkhart, Indiana

Matrix

Field Analysis

PH
Conductivity
Dissolved oxygen
Temperature
% Methane
% Hydrogen sulfide
Gas Volume
Volatile organics by HNu
Electromagnetic survey
Slug test/staff gauge
Water Level
Radioactivity

Laboratory Analysis

routine Analytical Services

TCL volatiles
TCL semi-volatiles
TCL PCB/pesticides
TAL metals/CN

Special Analytical Services:

TCL volatiles -
sorbent tubes

Water quality
Organic Carbon
Grain size
Atterberg limits
Permeability
Consolidation
Triaxial shear
TCL volatiles
TCL semi-volatiles
TCL PCB/pesticides
TAL metals/CN

Landfill
Cap soil/Waste

I
I

I

es:

IV
IV
IV
IV

es:

V
V

V
V

Groundwater
Waste Mass Surface

Gas Water

I
I
I
I

I
I
I
I

I
I

IV
IV
IV
IV

V
V

Soil Residential
Sediment Wells

I
I
I
I

I

I

IV
IV
IV
IV

V
V
V
V
V

V
V
V
V

ARCS/P/HIMCO/AD8



TABLE -6
Sampling and Analysis Summary Table for Himco Dump

Phase I

Sample
Matrix

SITE CONDITIONS

LANDFILL CAP
AND WASTE

LANDFILL WASTE
MASS GAS

Field
Parameters

EM-31 Con-
ductivity

Radioactivity
VOAsby IINU

Melhnne

Hydrogen
Sulfide

VOCsbyllNU

DQO
Level
i

i
i

fT
5_U"JJ

jj
IL

i
_

i

Lab
Parameters

Jjcrttch,
Consolidation 1
Trlaxlal Shearl
Grain Slie>
Allerberg Limits!

TCL VOA
TCL UNA
TCI.PCn/P
TAL Melals/CN
TCL VOA
(Sorbenl lubes)

TCL VOA
(Sorbenl Tubes)

DQO
Level

V
V
V
V

IV
IV
IV
IV
V

V

Lab

CLP SAS

CLP
CLP
CLP
CLP

CLP SAS

Quick
Turn SAS

Field
Samples

2 Max
5 Max
5 Max
5 Max

12
12
12
12

10 Max

2

Field QC

BBJ

_

-

_
_
_
-
]4

-

BG
_

-

_
_
_
-
15

-

TB**
_

-

_
_
_
-
i

l

FB
_

-

_
_
_
-
-

-

FD
_

-

i
i
t
i
i

-

Tola
to

Lab

2 Max
5 Max
5 Max
5 Max

13
13
13
13

13 Max

2

LabQC

LD

-

_
_
_
i
_

-

MSD*

-

i
i
i
-
i

i

MS

-

i
t
t
i
i

i

Purpose
of Samples

Determine llmlls of (111
Assess If burled drums present

Use to predict amount and rule
of settlement under loads for
remedial alternatives
Determine strength of waste
for remedial alternatives
Determine material properties of
waste mass
Risk assessment - dust
partlcnlale emission releases
Evaluate remedial alternatives

Waste characterization.
Risk assessment of volatile emis-
sion release mechanism
Evaluate remedial alternatives
Evaluate sampling rale of pump

NOTES:
"Thin-walled Shelby lube
iZiploc bag
3Assume bottle cleaning protocol submitted with QAPP
acceptable

'Unexposed sorbcnt lube
SQfTsite location

Page J. of JL

* MS/MSD samples required for organic analysis. Aqueous samples
(groundwaler, surface water, leachate, private well water) shall be col-
lected, with extra sample volume at a frequency of one per 20 or fewer
investigative samples. Triple the normal volume will be collected for
VOAs and double the normal volume will be collecled for UNA and
pcn/p.

•* Trip blanks will be shipped at a frequency of one per cooler of
aqiicous/sorbcnt tubes containing aqiicons/sorbent lube samples for
VOA analysis.

Legend
nn = Bottle Dlank
IIG = Background Blank
TB = Trip Blank
FB = Field Dlank
FD = Field Duplicate
LD = Lab Duplicate
MSD a Matrix Spike Duplicate
MS = Matrix Spike

- = Not Applicable
T'G = Upgradient t KUUIMB4CDI



TABL 3-6
Sampling and Analysis Summary Table for Himco Dump

Phase I

Sample
Malrix

I.KACHATK
(if available)

Field
Parameters

pii
Conductivity

DO
Temperature

DQO
Level

i
i
i
i

Lab
Parameters

TCI. VOA
TCI. UNA
TCI. PCI»/P
TAL Melals/CN

Water Quality*
COII
Cl
S()4
Nlh
NOi»NO3
TKN
TP
TDS
TSS
alkalinity
bromide.

dissolved

DQO
Level

IV
IV
IV
IV

V
V
V
V
V
V
V
V
V
V
V
V

Lab
CI.P
CI.P
CI.P
CI.P

CI.P SAS
CI.PSAS
CI.PSAS
CI.P SAS
CLP SAS
CI.PSAS
CI.P SAS
CI.P SAS
CI.P SAS
CI.P SAS
CI.PSAS
CI.P SAS

Field
Samples

4 Max
4 Max
4 Mm
4 Max

4 Max
4 Max
4 Mm
4 Max
4 Max
4 Max
4 Mm
4 Max
4 Max
4 Max
4 Max
4 Max

Field QC

nn1

_
-
_

-
_
_
-
-
_
-
_
_
_
_
-
_

BG
_
-
_

-
_
_
_
-
-
-
_
_
_
_
-
_

TB**
1
-
_

-
_
_
-
-
-
-
_
_
_
_
-
_

FB FD

Total
to

Lab
6
6
6
6

Lab QC

LD
_
_
_
i

MSD*
i
i
i

_
_
-
-
-
-
_
_
_
_
-
_

MS
Purpose

of Samples
Waste characterization of primary
source
Itisk assessment
Kvnliule remedial alternatives

NOTES:
'Assume lx>ltlc clcnning protocol submitted with QAPI*

acceptable.
^Assume able (o access 6 abandoned shallow wells.
3Jolal metals are defined as digestion and analysis ofTAL
metals on an unfilfered sample. Dissolved metals arc de-
fined as digestion and analysis OCTAL mclnls on a sample
filtered in the field.

4Walcr quality analyses will be done on nnfiltcrcd sample
except for bromide which will be field filtered.
Page .2. of 1

* MS/MSI) samples required for organic analysis. Aqueous samples
(groiindwnlcr, surface water, Irnclialc, private well water) shall be col-
lected, with extra sample volume at a frequency of one per 20 or fewer
investigative samples. Triple the normal volume will be collected for
VOAs and double the normal volume will be collected for UNA and
PCH/P.

** Trip blanks will be shipped at a frequency of one per cooler of
aqucons/sorbcnl lubes containing aqueoiis/sorhcnl lube samples for
VOA analysis.

Legend
IIH = llolllc lllank
ll(> = Background lllank
Til = Trip Itlank
Fll = Field lllank
II) = Field Duplicate
LD = Lab Duplicate
MSD = Malrix Spike Duplicate
MS = Matrix Spike

- = Not Applicable
IK? = Upgradicnt •.



TAKLK3-(»
Sampling and Analysis Summary Table Cor Hiinco Dump

Phase I

Sample
Malrix

KAISIINC, US<;S
WKI.I. WATKU

l-iclil
Parameters

Sln» TMI
U'alrr l.tirl

(ill
Cimdiirlhlly

DO
Trniprratiirf

1 )QO
1 .cvcl

1 .all
Parameters

TO. VOA
•ICI.IINA
TCI. PCII/P
TAI. MrtaWCN
ft ol.il nnd His.

Wnlfr <^n:ilily*
con
Cl
SO,
Nlli
NOjiNOi
TKN
IP
HIS
TSS
nlknllnllj
hrnmlilr.

fllsM)tvrtl

DQO
Level

IV
IV
IV
IV

V
V
V
V
V
V
V
V
V
V
V
V

l.ab

Cl P
O.P

CI.P

CI.PSAS
CI.PSAS
Ct.PSAS
( I.PSAS
( I.PSAS
< I.PSAS
< I.PSAS
( I.PSAS
CI.PSAS
CI.PSAS
CI.P SAS
CI.PSAS

' Field
Samples

11
M
u
u

u
u
i*
11
u
ii
u
u
li
u
u
II

1)1)'

_

_

-

_
_
-
_
_
-
_
_
^
_
-
-

HO

s IK;
s in.
s IK;
5 IK;

5 IK;
sue
5 in;
s IK:
s IK:
s IK:
s u<;
5 IK;
s IK;
s IK;
sue
s IK;

Field

Tl)**

2
..

-

^
_
-
-
-
-
_
_
_
_
-
-

«,>c

l-l)

i
l
l

IT)

2
2

1

Total
to

l.ab

27
27
27
27

27
27
27
27
27
27
27
27
27
27
27
27

i.n
--
2

.1
^
.1
3
.1
J
J
.1
.1
.«
.1
.1

.ai> gc

MSO*
2
2
2

_
_
_
-
-
-
-
-
_
-
-
_

MS

2
2

2

,
.1
3
.1
3
.1
J
.1
_
_
3
3

Purpose
of Sample;;

Drlrrmlnc nature and t tlf ill
of r nnlamlnaliim
Ittvtlnp Krmintttvntrr l:il>lf
mnp
Kvnlnalt rtmnllal allrrnalitcs
Disk auf»mrnl

NO IKS:
'Assume iHitllc cleaning prolocul submitted with fJAIT

acceptable.
'Assume :il>lr In access ft abandoned shallow nrll*.
'Total metals are defined a* digestion and analysis of'I At.
metals on mi nnfilfercd sniii|ilc. Dissolved tnrliils arc ilo-
fined 115 digestion nnd nnalvsis of I A I , mclals on a sample
lillerril In (he field.

'Wilier quality analyses will be done on nnfillerrd sample
evccpl fur bromide tvhich wi l l lie Held fillercd.
I'iicc _A_ °f JL

* MS/MSI) samples required for organic analysis. Aqueous samples
(Rronniltvnlcr, surface water, Icachnle, prirnle trell iraler) slinll lie col-
lected, wilh e.xlra sample volume nl a frequency of one per 2(1 or fewer
investigative samples. Triple the normal volume trill lie collected for
VOAs nnd diinltlc Ilic norinnl volume trill lie collected for UNA nnd
I'CII/P.

••Trip lilaiiks will lie shipped :it .: frequency of one per cooler of
a<|iirnns.'sorlieiil Inlies conlainiiiK ai|ne(iiis/sorlienl Inlic samples for
VOA analysis.

I Oroiimlu.il or cliomical samples w i l l be taken
i p i a r l c r l y . Tunr nols of the Bamc numlier of
f ia inpton < j tvon ridovfr wi I j l>o taken.

Legend
1)11 = llollle niank
IK! = Itnckgronnd niank
Til = Trip Illank
Ml = Mold Illank
M) = Held Duplicate
I.I) = l.iili duplicate
MSI) = Matrix Spike l)ii|ilic:ile
MS = Mnlrix .Spike

- = Not Applicable
UC = llpgrndient



TABLE 3-6
Sampling and Analysis Summary Table for Ilinico Dump

Phase I

Sample
Matrix

PKIVATK WKI.I.
\VA 1 KK

Field
Parainclcrs

pit
Cnmlucllvilv

DO
Tetnpernlure

DQO
Level

I
i
i
i

Lab
Parameters
TCI. VOA
1 CHINA
TCI, PCtl/P
TAI, Melals/ON

Water OunlilH
COD
Cl
SOi
Nil)
NOl.NO)
TKN
TP
TDS
TSS
•Ikalhill;
bromide.
divsnlveil

DQO
Level

V
V
V
V

V
V
V
V
V
V
V
V
V
V
V
V

Lab
CI.P SAS
CI.P SAS
CI.P SAS
ct.p SAS

CI.P SAS
CI.P SAS
CI.P SAS
CI.P SAS
CI.P SAS
CI.P SAS
CI.P SAS
CI.P SAS
CI.P SAS
CI.P SAS
CI.P SAS
CI.P SAS

"Field
.Samples

12 Mm'
12 Mail
12 M«>
12 Mail

12 Mail
12 Mail
12 Mini
12 Mai'
12Mi\«l
12 Mail
12 Mail
12 Mail
12 Maul
12 Mml
12 Mail
12 Mail

Field QC

un1

_
_
_
-
_
_
_
_
_
_
_
_

_
_
-
_

no
_
-
_
-
_
_
_
_
-
_
_
_

_
-
-
-

TU**
t
_
_
-
_
_
_
_
_
_
.
_
_
_
-
-

l-ll
2
2
2
2

2
2
2
2
2
2
2
2
2
2
2
2

FD

2
2
2
2

2
2
2
2
2
2
2
2
2

2
2
2

Total
lo

Lab
16
16
16
16

16
16
16
16
16
16
16
16
16
16
16
16

LD
_
_
_
t

2
2
2
2
2
2
2
2
2
2
2
2

.ab QC

MSD*
1
1
1
-
_
_
_
-
-
_
-
_
_
-
-
-

MS
1
1
11

2
2
2
2
2
2
2
2
-
-
2
2

Purpose
of Samples

Determine nature ami eitenl or
tiHllaminallon
Kvaluale remedial alternatives
Misk Assessment

NOTES:
'Assume iMiltlc clcanini; protocol submitted with (JAI'T
acccptalile.

'Assume ahle lo access 6 abandoned shallow wells.
'Total metals nre defined ni digestion and analysis oM'AI.
metals on an unfillcrcd sample. Dissolved metals me <lc-
fined as digestion anil analysis of I'AI. metals on a sample
nilercd in Hie Held.

'Wafer c|iinlily analyses will he done on ttnfillercd sample
except for hroioiilc which will he licit! fillcrrd.
I'nge A "f _L

• MS/MSI) samples required Tor organic analysis. Aqueous samples
(gnmmlwnfcr, surface water, Jearliale, private well water) shall lie col-
lected, with extra sample volume at a frequency of one per 21) or fewer
investigative samples. Triple the normal volume will lie collected for
VOAs and (loulilc the normal volume will lie collected for UNA nod
I'CII/I'.

••Trip hlanks will he shipped at a frequency of one per cooler of
aqucous/sorhcul luhes containing aqiicoiis/sorhcnl luhc samples for
VOA analysis.

Legend
III! = llollle Illank
IK! = llackground Illank
Til = Trip Illank
Ml = I icld Illank
ID = Kick! Duplicate
1,1) = I .all Duplicate
MSI) = Matrix Spike Duplicate
MS = Matrix Spike

- = Nol Applicable
DC = Dpgradicnl ,

chemical samples w i l l he taken
Four notn of the name number of

I Groumiwnl or
quar ter ly* *' *^i< * n^ ^ n \i * ».«•»;
ttamplcn given above will be taken



TAKLIC3-6
Sampling and Analysis Summary Table For Ilimco Dump

Phase I

Sample
Matrix

Mill.
IHtlM
NI-:W MT-T.I.
INS 1 A l l . A 1 IONS

NKW tVI I.I S
(.HOt'Nim A II It

PieUI
Paiaim-lcts
VOAsliy IINII
II iilinjilmly

Mill Tul
\\ iilrr 1 .rvrl

Pll
Coniliictivll)'

Tfmpcratiirf

DQO
l.cvi-l

i
l

l.:il)
I'iiramck-i.s
III. MIA
•| a. UNA
TCI. rcii/i-
TAI. Mrlnl\/CN

11)1'
Allrrhrrg
l.-rninSi/r
IVrnu-aliililv

in. vo,\
TCI. UNA
TCI. rcn/r
TAI. Mrlalx/CN

I'tTr'-li!1"1 ""'
Wnlrr (Ju;.lil)'
con
n
Sill
Nlll
NO;.N(li

IXJO
1 c-vd

IV
IV
IV
IV

V
V
V
V

IV
IV
IV
IV

V
V
V
V
V
V

l.al)
i Li-
ft r
CM-
CM'

n.PSAS
CI.I'SAS
IT.I-SA.S
CI.P.SAS

CI.P
(T.I-
CM'
ci.r

CI.I'SAS
CI.I'SAS
I'l.l-SAS
(T.r.SAS
< T.I'SAS
(T.r.SAS

"l-iel.l
Samples
.l|IM:lx
.Ml Max
111 M:ix
.III Max

:n Max
JO Max
20 M:i\
.IMax

7
7
7
7

7
7
7
7
7
7

I'iciii or

DII
_-„

_-_
_
.
-

____
_
-

DC

-
_

_
-
-
-

.1 in;

.nit:
.1 IK;
i in;

.11 K.-

.I in;
.1 in;
.1 i't;
.1 IK;
.1 HI!

TIP*
-
-
_

_
-
_
-
,
_
-

-
_
-
_
-
-

i;n
_-_

___-
,
i
ii

i
iii
i
i

I-T)
.1
.1
.1
.1
_
-
-
-
t
i
i
i

l
i
i
l
l
l

Total
In

l-jib
.1.1
.1.1
.1.1
.11

20
211
20
J

12
12
12
12

12
12
12
12
12
12

I.D

_
-

2

]

2
2
2
2
2
2

.iih o<;

MSD*
2
2
2

,
1
1

-
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4.0 PROJECT ORGANIZATION AND RESPONSIBILITY

At the direction of the Region V Remedial Project Manager (RPM), with final
authority by the Region V Regional Project Officer (RPO), Donohue has overall
responsibility for the RI/FS. Donohue will perform the field investigations
and prepare the RI and FS reports. A project organization chart is presented
in Figure 4-1. Specific duties of field team members are described in
Section 3.0 of the FSP.

4.1 MANAGEMENT RESPONSIBILITIES

Operational responsibilities involving execution and direct management of the
technical and administrative aspects of this project have been assigned as
follows:

0 Patricia Vogtman
Regional Project Officer (RPO)
U.S. EPA Region V

0 Robert Lance
Remedial Project Manager (RPM)
U.S. EPA Region V

0 Roman Gau
ARCS Project Manager (PM)
Donohue & Associates, Inc.

0 Vanessa A. Harris
Site Manager (SM)
Donohue & Associates, Inc.

4.2 QA ORGANIZATION

Tasks

Final review and
approval of RI/FS QAPP

QA program for CLP;
RAS/SAS performance and
systems audits for
CLP RAS/SAS
including evidence audits

Responsible Organization/Personnel

U.S. EPA Region V RPM
U.S. EPA Region V QA Officer

U.S. EPA Hdqtrs. OERR
U.S. EPA Sample Mgrat. Office
U.S. EPA Region V CRL LSSS
U.S. EPA EMSL - Las Vegas, QA Div.
NEIC Evidence Audit Team (Techlaw,
Inc.)



EPA RPO
P. Vogtman

EPA RPM
R. Lance

EPAQA
Officer
V. Jones

EPA CRL
C. Ross

Remedial Investigation
Leader

M. Kuehl

Field Team Leaders
R. Stenson

T. Puchalski

Feasibility Study
Leader

S. Shultz

Project Manager
R.Gau

Site Manager
V. Harris

Quality Assurance
Team Leader

M. Grosser

Site Quality
Control Officer

C. Fruehe

Health and
Safety Officer

P. Markelz

Assistant Health
and Safety Officer

D. Richardson

Community Relations
5. Reith

Donohue
June 1990 PROJECT ORGANIZATION

HIMCO DUMP
ELKHART, INDIANA

Engineers! Architects! Scientists FIGURE 4-1
IIJMUMCOFIG4-1
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Internal QA review and
approval of reports, SOPs,
and field activities;
identifying and documenting
non-conformance and
corrective actions.

Donohue Technical Services/Quality
Assurance Manager (TSQAM)

Evidence audits of
field records

Approval of drilling sub-
contractor

Donohue TSQAM and NEIC Evidence
Audit Team (Techlaw, Inc.)

U.S. EPA Region V RPM
U.S. EPA Region V RPO

4.3 FIELD OPERATIONS

Sample collection and
field measurements

On-site audits

Donohue SM and
U.S. EPA Region V RPM

Donohue TSQAM
U.S. EPA Central District Office
(CDO) and/or U.S. EPA Central
Regional Laboratory (CRL)

4.4 LABORATORY OPERATIONS

Initiation of RAS request
to RSCC

Donohue authorized requester(s)

U.S. EPA Region V contract
administration of CLP RAS

Data assessment of CLP
RAS data including
tentatively identified
compounds

Initiation of SAS request
to RSCC

U.S. EPA Region V CRL LSSS
U.S. EPA HQ OERR
U.S. EPA Sample Management Office
U.S. EPA EMSL - Las Vegas
U.S. EPA Region V CRL LSSS

U.S. EPA Region V CRL LSSS and
Donohue CLP Coordinator/Data
Validator

Donohue authorized requester(s)

Preparation of SAS
request forms

Contact for CLP
RAS/SAS services

Donohue CLP Coordinator/Data
Validator

U.S. EPA Region V CRL LSSS, RSCC
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Geotechnical Analysis of soil
samples (grain size, Atterberg
Limits, organic carbon,
permeability, consolidation,
triaxial shear)

Review and approval
of CLP SAS

CLP SAS Laboratory

U.S. EPA Region V- CRL LSSS
U.S. EPA Region V Quality Assurance
Officer
U.S. EPA Region V RPM

4.5 FIELD MEASUREMENTS

Donohue is responsible for documenting calibration and maintenance of field
equipment, including pH and conductivity meters, dissolved oxygen meter, ENu,
radioactivity survey meter, electromagnetic survey (EM31) meter, thermometers,
and staff gauges. Donohue will also be responsible for documenting calibra-
tion and maintenance of the sampling pumps and field methane/hydrogen sulfide
meter used to perform the waste mass gas investigation.

Final review and approval of field measurement and calibration procedures as
described in the QAPP Appendices D and E are provided by the U.S. EPA Region V
QA Officer, U.S. EPA CRL Director, and U.S. EPA Region V RPM. U.S. EPA Region
V CRL and/or CDO is responsible for any identified performance and systems
audits of field operations.
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5.0 QUALITY ASSURANCE OBJECTIVES

5.1 IHTRODUCTIOH

The overall Quality Assurance (QA) objective is to develop and implement
procedures for field sampling, chain of custody, laboratory analysis, and
reporting that will provide a design that is legally defensive in a court of
law. Specific procedures to be used for sampling, chain of custody, calibra-
tion of field instruments, laboratory analysis, reporting, internal quality
control, audits, preventive maintenance, and corrective actions are described
in other sections of this Quality Assurance Project Plan (QAPP). The purpose
of this section is to address the specific objectives of accuracy, precision,
completeness, representativeness, and comparability.

5.2 FIELD QA SAMPLES

5.2.1 Bottle Blanks

The purpose of bottle blank samples is to assess the cleanliness of sample
containers used in collecting field samples. Donohue proposes to use the
bottle preparation protocols as contained in Appendix C. Bottles will be
obtained from a vendor with previous participation as a bottle supplier to the
National CLP Bottle Repository. Results of each case of bottles tested will
be kept in the Donohue project file. In order for the case of bottles to be
acceptable, test results must indicate no compounds are present above the
method detection limit. Bottle blanks for water quality parameters will be
assessed by filling one bottle of each lot with distilled water. The filled
bottles will then be submitted to the CLP SAS laboratories labelled as a
field sample. Bottle blanks for geotechnical analytes are not applicable.

5.2.2 Trip Blanks

Trip blanks will be collected to assess if any volatile organic contamination
occurs during aqueous sample packaging and shipping. Trip blanks will be
prepared by Donohue at their field supply storage facility by filling two
40 ml volatile vials completely with organic-free deionized water and shipped
with the empty sample bottles to the field. The vials will remain capped
during the sampling event and will accompany the aqueous samples collected and
shipped for analysis. If detectable volatile organics are reported in the
trip blanks, data will be assessed based on the criteria contained in
Section IV of the "Laboratory Data Validation Functional Guidelines for
Evaluating Organics Analyses," U.S. EPA, February 1, 1988.
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5.2.3 Field Blanks

Field blank samples will be collected at a frequency of one per 10 or fewer
aqueous samples and analyzed to check for procedural contamination from
sampling equipment and/or ambient site conditions. Field blanks are collected
by pouring distilled water through the decontaminated sampling equipment
(bailer, bucket, pond sampler) into the appropriate sample bottles. Field
blanks associated with field filtered groundwater analyzed for TAL total
metals will also be filtered through a 0.45 micron filter. Assessment of the
impact of detectable concentrations on site sample results will be done in
accordance with Section IV of the "Laboratory Data Validation Functional
Guidelines for Evaluating Organics and Inorganics Analyses," U.S. EPA
February 1, 1988 and July 1, 1988.

5.2.4 Field Duplicates

Field duplicate samples are collected at a frequency of one per 10 or fewer
site samples and analyzed to assess the variability of sample collection tech-
niques and sample homogeneity. Both field and lab precision are assessed by
field duplicate results, and greater relative percent difference (RPD) than
lab duplicates is expected. No specific EPA criteria exist for field dupli-
cate comparability, and data are not invalidated based on field precision.

5.2.5 Background Samples

Background samples will be collected beyond the Himco Dump Site boundaries to
determine upgradient groundwater quality and native soil gas characteristics.
Five existing upgradient wells will be sampled as well as three newly
installed upgradient wells for a total of 27 percent of the monitoring
network. This number of wells is needed to statistically determine the
upgradient groundwater quality, since past data indicated variable upgradient
contamination that may be from other sources.

An off-site wetland location where no known volatile organic contamination or
waste disposal has occurred will be sampled for soil gas to determine if any
background naturally occurring levels of methane, hydrogen sulfide, or vola-
tile organics exist.

5.3 LABORATORY QC SAMPLES

Chemical analyses will be performed using the organic and inorganic CLP RAS
analytical procedures and SAS procedures in Appendix A. The levels of labora-
tory QC effort for CLP RAS procedures are specified in the applicable State-
ments of Work (SOWs) for organics, February 1988, with revisions dated
September 1988 and April 1989, and inorganics, July 1988. Specific laboratory
QC samples for SAS parameters are included in each SAS request in Appendix A.
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The QA objectives for precision, accuracy, and sensitivity are to achieve the
QC acceptance criteria for the proposed analytical procedures. For the
organic and inorganic procedures, the precision and accuracy guideline
requirements are specified in the Statements of Work (SOWs). For the SAS
procedures, the precision and accuracy requirements are provided in
Appendix A. Specific laboratory QC measures cited in the SOWs are discussed
in Sections 5.3.1 - 5.3.4 below.

5.3.1 Surrogate/Matrix Spikes - Orqanics

Because of the large number of organic parameters and potential matrices, it
is difficult to develop precision and accuracy objectives and control limits
for every organic parameter in every matrix. Therefore, it is necessary to
extrapolate this information from a more limited set of compounds. This is
typically done with (1) surrogate spike compounds which are added to every
sample before extraction and analysis, and (2) matrix spike and matrix spike
duplicate compounds which are added to selected samples before extraction and
analysis. Although the surrogate and matrix spike analyses do not provide
statistically valid statements about precision and accuracy for every compound
in a sample, they do give the data reviewer enough information to make quali-
tative judgments about precision and accuracy on a sample-by-sample basis.
The recoveries of the surrogate and matrix spike compounds can also be used to
accept or reject data. The recoveries of the surrogate are also used as
criteria to re-analyze the sample or series of samples in accordance with SOW
Section 4.3.2.

5,3.2 Lab Duplicates - Inorganics

For a duplicate sample analysis, at least one duplicate sample will be
analyzed from each group of samples of a similar matrix type (i.e., water,
soil) and concentration (i.e., low, medium) for each batch of samples or for
each 20 samples received, whichever is more frequent. Samples identified as
field blanks can NOT be used for duplicate sample analyses. If two analytical
methods are used to obtain the reported values for the same element for a
batch of samples (i.e., ICP, GFAA), duplicate samples will be run by each
method used. The relative percent difference (RPD) for each component will be
calculated for use during data assessment.

The results of the duplicate sample analyses will be reported. An advisory
limit of +20% for RPD will be used for sample values greater than five times
the contract required detection level (CRDL). A control limit of + the CRDL
will be used for sample values less than five times the CRDL, and this control
limit (+CRDL) will be entered in the "Control Limit." If one result is above
the 5 x CRDL level and the other is below, the +CRDL criteria will be used.
If either sample value is less than the CRDL, the RPD is not calculated and is
indicated as "NC".
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5.3.3 Field Blanks

For field blank analysis, at least one field blank sample will be collected
and analyzed for each group of parameters of a similar matrix. If two analyt-
ical methods are used to obtain the reported values for the same element for a
batch of samples (i.e., ICP, GFAA), field blank samples will be run by each
method used. The concentration for each component will be calculated for use
during data assessment.

5.3.4 Matrix Spikes - Inorganics

The matrix spiked sample analysis is designated to provide information about
the effect of the sample matrix on the digestion and measurement methodology.
The spike is added before the digestion and prior to any distillation steps.
At least one spiked sample analysis will be performed on each group of samples
of a similar matrix type (i.e., water, soil) and concentration (i.e., low,
medium) for each batch of samples or for each 20 samples received, whichever
is more frequent. Samples identified as field blanks can NOT be used for
spiked sample analysis. If two analytical methods are used to obtain the
reported values for the same element for a batch of samples (ICP, flame AA)
spiked samples will be run by each method used. If GFAA is used, each sample
is analyzed in triplicate which includes a duplicate and matrix spike. Matrix
spike analysis of each sample is necessary to assess if any matrix effects are
present. If the spike recovery is not within the limits of 75% to 125%, the
data of all samples received associated with that spiked sample will be
flagged with the letter "N". An exception to this rule is granted in situa-
tions where the sample concentration exceeds the spike concentration by a
factor of four or more. In such a case, the spike recovery should not be
considered, and the data shall be reported unflagged even if the percent
recovery does not meet the 75% to 125% recovery criteria. In the instance
where there is more than one spiked sample per matrix per batch, if one spike
sample recovery is not within contract criteria, all samples of the same
matrix in that batch will be flagged. The individual component percent
recoveries (%R) will be calculated and reported.

5.4 FIELD MEASURBffiNT AUDITS

The accuracy of field measurements of pH, specific conductance, temperature,
dissolved oxygen, methane, hydrogen sulfide, volatile organics by HNu, elec-
tromagnetic conductivity, and radioactivity will be addressed through pre-
measurement calibrations and post-measurement verifications in the field.
Specifics of calibration of these instruments are contained in Appendix D and
the procedure to be used to conduct the measurements are contained in the SOP
in Appendix E.
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The pH accuracy will be assessed by performing two measurements on three
standard buffer solutions. Each measurement will be within +0.05% standard
unit of the certified value for the buffer solutions. Precision will be
assessed through replicate measurements on field samples. The standard devia-
tion of four replicate measurements must be less than or equal to 0.1 standard
unit. The electrode will be withdrawn, rinsed with deionized water, and
re-immersed between each replicates. Calibration and verification will be
done in the field before the first replicate and after the last. The instru-
ment used will be capable of providing measurements of 0.01 standard unit.

Specific conductance will be measured using a conductivity meter. The meter
will be read to the nearest 10 umhos/cm within a range of 0 to 20,000 umhos/
cm. Accuracy of measurements shall be + 5 percent of a standard. Precision
shall be a standard deviation of +10 percent.

Temperature will be measured using a thermometer with a range of -2° to 50°C
and with divisions of 1.0°C. Accuracy of measurement will be +0.5°C. The
thermometer will be calibrated against an ASTM thermometer.

Dissolved oxygen accuracy and precision will be accomplished by the water
saturated air calibration procedure recommended by the manufacturer. The
accuracy is expected to be + 0.2 mg/1 at the calibration temperature. Dupli-
cate analyses are expected to agree within +0.1 mg/1.

Methane (CH4) and hydrogen sulfide (̂ S) analyses will be accomplished through
use of a continuous monitoring device. Calibration using a known concentra-
tion of CH4 and ^S will be done each day before use. A background reading
will also be taken.

The HNu used for field screening volatile organic concentrations will be
calibrated each day before use according to the manufacturer's specifications
using a certified calibration gas containing 35 ppm isobutylene. The HNu
should be calibrated to read 35 ppm at a span setting of 9.8 (10.2 ev lamp).
Background readings will be taken and recorded daily from an off-site
location.

The electromagnetic (EM-31) terrain conductivity meter precision is dependent
on field conditions and is susceptible to cultural interference such as power
lines, fences, metallic debris, etc. Goals are +2 percent for EM-31 full-
scale values. A base station will be established on-site to conduct equipment
calibration and function checks and to monitor equipment performance period-
ically during the field study.

Radioactivity meter calibration is initially performed and checked annually by
the manufacturer. A portable check source may be used daily before field use.
A background location will also be monitored daily for gross alpha, beta,
gamma and X-ray radiation.
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The pressure transducer used in the slug test will be set to the correct depth
using the data logger. Data logger accuracy will be checked using on internal
troubleshooting program.

The staff gauge increments will be verified against a reference rule and all
measurements will be read from a consistent location on the bank.

Personal sampling pumps used to collect waste mass gas samples will be cali-
brated before each day's use against a soap bubble flow meter.

5.5 ACCURACY, PRECISION, AND SENSITIVITY OF ANALYSES

All samples will be analyzed using the CLP. Residential well samples will be
analyzed by the CLP or CRL. CLP analysis of residential well samples will be
done through a standardized SAS protocol developed by Region V. CRL analysis
will be done using the CRL methods and Quality Assurance program. The level
of QA effort for the CLP RAS analyses are specified in the CLP SOWs. In addi-
tion to routine CLP organic and inorganic analyses, SAS will be used to
analyze samples for water quality parameters. These parameters and their
respective QA objectives are contained in Appendix A. Soil samples will be
analyzed by a SAS laboratory for physical tests by the ASTM methods contained
in Appendix A. Sorbent tube samples from waste mass gas sampling will be
analyzed by the SAS program for volatile organics.

5.6 COMPLETENESS, REPRESENTATIVENESS AND COMPARABILITY OF ANALYSES

5.6.1 Completeness

Completeness is defined as a measure of the number of samples actually
collected compared to the number of samples required for characterization of
an environmental condition and/or the amount of valid data obtained from the
measurements system compared with the amount of data that was expected under
normal conditions. This QA criterion is expressed in percentage. The
completeness for sample collection will be 95 percent or better. The data
completeness will be 100 percent for residential well samples, and 95 percent
or better for other samples.

5.6.2 Representativeness

Representativeness is a measurement of the degree to which the data accurately
and precisely represent a characteristic of a population, parameter variation
at a sampling point, or an environmental condition. Representativeness is a
qualitative criterion which is associated with the proper design of the
sampling and analysis program. The data highly representative of this site
will be achieved by performing all field sampling and measurements and labora-
tory analysis in a standardized manner and strictly adhering to the procedures
specified in this QAPP, the Field Sampling Plan, and the Work Plan.



Himco Dump RI/FS Section No.: 5.0
Quality Assurance Project Plan Revision No.: 1
EPA Contract No. 68-W8-0093 Date: May 1990

Page 28 of 43

5.6.3 Comparability

Comparability is a qualitative criterion measuring the confidence with which
one set of data can be compared with another. For this project, the data
comparability will be achieved by the following:

a) Analytical results will be reported in appropriate units.

b) Same or similar sampling procedures used in the E&E 1984 field
investigation will be used.

c) Same or equivalent analytical procedures used for the EiE 1984
investigation will be used.

d) Similar quality assurance and quality control requirements will be
observed, since the CLP program will be used as it was in the E&E
1984 study.
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6.0 SAMPLING PROCEDURES

The media to be sampled in the RI include landfill cap soil, landfill waste,
waste mass gas, leachate, groundwater, residential well water, soil, surface
water, and sediment. A complete description of sampling procedures is
provided in the Field Sampling Plan (Volume 2).
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7.0 SAMPLE CUSTODY PROCEDURES

7.1 INTRODUCTION

It is Donohue policy to follow the U.S. EPA Region V sample custody, and
chain-of-custody protocols as described in "NEIC Policies and Procedures,"
EPA-330/9-78-001-R, revised June 1985. This custody is in three parts:
sample collection, laboratory analysis, and final evidence files. Final
evidence files, including all originals of laboratory reports and purge files,
are maintained under document control in a secure area.

A sample or evidence file is under custody if it:

* is in the possession of the sampler/analyst;
* is in the view, after being in the possession of the sampler/analyst?
* is in the possession of and then placed in a secured location; or
* is in a designated secure area.

7.2 FIELD-SPECIFIC CUSTODY PROCEDURES

Documentation to be used for field collection and field sample tracking proce-
dures are contained in each matrix specific documentation section in the Field
Sampling Plan. The sample packaging and shipment procedures summarized below
will insure that samples will arrive at the laboratory with the chain of
custody intact.

Field procedures are as follows:

(a) The field sampler is personally responsible for the care and custody
of the samples until they are transferred or properly dispatched. As
few people as possible should handle the samples.

(b) All bottles will be tagged with sample numbers and locations. The
Sample Management Office (SMO) number and stickers will be affixed.

(c) Sample tags as in Figure 7-1 are to be completed for each sample
using waterproof ink unless prohibited by weather conditions. For
example, a logbook notation will explain that a pencil was used to
fill out the sample tag because the ballpoint pen would not function
in freezing weather.

(d) The Donohue Site Manager must review all field activities to deter-
mine whether proper custody procedures were followed during the field
work and decide if additional samples are required. The Site Manager
should notify the U.S. EPA RPM of a breach or irregularity in chain-
of-custody procedures.



figure 7-1
Sample tag and Custody Seal

Each cooler should have 2 COC scab applied.
U.S ENVIRONMENTAL PROTECTION AGENCY

REGION V
OFFICIAL SEAL

No. 13400

Sample Tag
PnjKtCodi SttttaiMo. Maett/Bqr/rnp not

2
* I f I !

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

REGION 5
230 South Dearborn Street

Chicago, Illinois 60604 o
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Transfer of custody and shipment procedures are as follows:

(a) Samples are accompanied by a properly completed chain-of-custody
form. The sample numbers and locations will be listed on the chain-
of-custody form (Figure 7-2). When transferring the possession of
samples, the individuals relinquishing and receiving will sign, date,
and note the time on the record. This record documents transfer of
custody of samples from the sampler to another person, to the RAS and
SAS laboratory, or to/from a secure storage area.

(b) Samples will be properly packaged for shipment and dispatched to the
appropriate laboratory for analysis, with a separate signed custody
record enclosed in each sample box or cooler. Shipping containers
will be locked and secured with strapping tape and EPA custody seals
(Figure 7-1) for shipment to the laboratory. The preferred procedure
includes use of a custody seal attached to the front right and back
left of the cooler. The custody seals are covered with clear plastic
tape. The cooler is strapped shut with strapping tape in at least
two locations.

(c) When samples are split with a source or government agency, a separate
sample receipt (Figure 7-3) is prepared for those samples and marked
to indicate with whom the samples are being split. The person relin-
quishing the samples to the facility or agency should request the
representative's signature acknowledging sample receipt. If the
representative is unavailable or refuses, this is noted in the
"Received By" space.

(d) All shipments will be accompanied by the chain-of-custody form
identifying the contents. The original record will accompany the
shipment, the pink copy goes to SMO, and the yellow copy will be sent
to the RSCC.

(e) If the samples are sent by common carrier, a bill of lading should be
used. Receipts of bills of lading will be retained as part of the
permanent documentation. If sent by mail, the package will be
registered with return receipt requested. Commercial carriers are
not required to sign off on the custody forms as long as the custody
forms are sealed inside the sample cooler and the custody seals
remain intact.

7.3 LABORATORY CUSTODY PROCKDDRES

The chain-of-custody procedures for the CLP are described in the February 1988
and July 1988 SOWs. This same custody procedure applies to the chemical
analysis of samples through the CLP SAS mechanism.



FIGURE 7-2

CHAIN OF CUSTODY FORM
ENVIRONMENTAL PROTECTION AGENCY
Office of Enforcement

CHAIN OF CUSTODY RECORD

REGION 5
230 South Dearborn Street

Chicago, Illinois 60604
PROJ. NO. PROJECT NAME

SAMPLERS: (signature)

STA. NO. DATE TIME

Relinquished by: (signature)
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g STATION LOCATION

^Time

Dale/Time

Dat</Time

Received by: (signature)

Received by: (signature)
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TAINERS
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Relinquished by: (signature)

Relinquished by: (signature)

Date/Time
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ENVIRONMENTAL PROTECTION AGENCY
Office of Enforcement

NATIONAL ENFORCEMENT INVESTIGATIONS CENTER
Building 53. Box 25227. Denver Federal Center

Denver. Colorado 80225
FIGURE 7-3

RECEIPT FOR SAMPLES AND DOCUMENTS

Name of Facility PROJ. NO.

Facility Location

RECEIPT OP THE DOCUMENTS) AND/OR SAMPLERS) DESCRIBED IS HEREBY ACKNOWLEDGED

NO. DESCRIPTION

Transferred by (Signature)

NAME

TITLE DATE SIGNED

RECIPIENT SIGNATURE

NAME

TITLE DATE SIGNED

Distribution Origin*! to Coordinator Field Files. Copy to Facility N1232
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7.4 FIHAL EVIPENCE FILES CUSTODY PROCEDDRES

Donohue maintains RI files along with all relevant records, reports, logs,
field notebooks, pictures, subcontractor reports, bottle testing results, and
the Laboratory Scientific Support Section (LSSS) of CRL's data reviews in a
secured, limited-access area and under custody of the Donohue Site Manager.

The final evidence files from the CLP are maintained by Region V CRL LSSS Data
Coordinator.
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8.0 CALIBRATION PROCEDURES AND FREQUENCY

8.1 FIELD INSTRUMENTS

Field maintenance and proper documentation are important parts of the moni-
toring program. Before mobilization to the field, all equipment must be
checked for malfunctions and cleaned. In addition, all meters must be cali-
brated by the sampling team on-site to ensure proper working order and to
render integrity to the measured values. Calibration procedures provided by
the manufacturer will be followed for the HNu, pH meter, conductivity meter,
dissolved oxygen meter, radiological survey meter, and gas monitor. These
procedures are attached as Appendix D.

The Site Quality Control Officer is responsible for maintaining the field
meter calibration log for field instruments (Appendix A of the FSP). This log
contains the same information as that for permanent lab instruments (EPA ID
number, name, and model of meter). The log also contains calibration results
and notes for each day of equipment use. Documentation shall include:

0 Date of calibration.

0 Initials of person performing calibration.

0 Calibration results.

8.2 LABORATORY INSTRUMENTS

Laboratory calibration procedures and frequency will be done in accordance
with each laboratory SOW and the individual CLP SAS requests in Appendix A.
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9.0 ANALYTICAL PROCEDURES

Analytical procedures to be used for the Himco Dump RI are:

0 CLP RAS inorganics and organics methods for all enforcement, litiga-
tion, and evidentiary data as contained in SOW-February 1988 and SOW-
July 1988.

0 SAS methods supplied by EPA Region V for physical soil tests (grain
size, Atterberg limits), residential well analysis, organic carbon in
soil, sulfate, chloride, nitrate and nitrite, chemical oxygen demand,
total phosphorus, alkalinity, total suspended solids, total dissolved
solids, total Kjeldahl nitrogen, ammonia, and volatile organics in
sorbent tubes.

0 USGS procedure for bromide as contained in Appendix A - SAS Request
prepared by Donohue.

0 ASTM analytical procedures for physical soil tests (permeability,
consolidation, triaxial shear) as contained in Appendix A - SAS Request
prepared by Donohue.

9.1 RODTINE ANALYTICAL SERVICES (RAS) LABORATORY PROCEDDRES

The current EPA CLP Statement of Work (SOW) for Organics, February 1988, with
revisions dated September 1988 and April 1989 and the SOW for Inorganics
Analysis, July 1988, specify the analytical procedures to be used. Included
in the SOW are sample custody procedures, instrument calibration procedures,
and frequency of calibration. Due to the expected percent levels of calcium
expected in the landfill cap soil samples, calcium data obtained through the
CLP inorganic SOW for these samples may not be valid.

9.2 SPECIAL ANALYTICAL SERVICES (SAS) LABORATORY PROCEDURES

The analytical procedures to be used for performing the SAS analyses are
specified in each SAS request in Appendix A. Specified in the SAS requests
are calibration procedures, frequency of calibration, and the internal quality
control checks required for each analysis.

9.3 FIELD SCREENING ANALYTICAL PROCEDURES

The procedures for field measurements are described in the SOPs contained in
Appendix E. Field measurement of groundwater, surface water, and leachate for
pH, conductivity, dissolved oxygen, and temperature will be done. Field
measurement of waste mass gas methane and hydrogen sulfide concentrations will
be performed during the RI. Screening of soil samples for volatile organics
by HNu and radioactivity will also be conducted.
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10.0 INTERNAL QUALITY CONTROL CHECKS

10.1 HAS INTERNAL QUALITY CONTROL CHECKS

Internal quality control procedures for RAS from the CLP are specified in the
SOWs for organics and inorganics as well as in the methods descriptions.
These specifications include the types of QC checks required (method blanks,
reagent/preparation blanks, matrix spike and matrix spike duplicates, calibra-
tion standards, internal standards, surrogate standards, the frequency of each
audit, the specific calibration check standards, laboratory duplicate/repli-
cate analysis), compounds and concentrations to be used, and the quality
control acceptance criteria for these audits.

10.2 SAS INTERNAL QUALITY CONTROL CHECKS

Quality control checks for SAS are identified in the SAS requests in
Appendix A.

10.3 FIELD MEASUREMENT

QC procedures for field measurements are limited to checking the reproduc-
ibility of the measurement by obtaining multiple readings on a single sample
or standard and by calibrating the instruments. Assessment of field sampling
precision and bias will be made through collection of field duplicates and
field blanks in accordance with the applicable procedures described in the FSP
at the frequency indicated in the Sampling and Analysis Summary (Table 3-5).

10.4 INTERNAL AUDIT PROCEDURE

The TSQAM is responsible for planning, scheduling, and coordinating evalua-
tions by the Donohue Technical Advisory Committee (TAG) of internal QC checks
performed in accordance with the QAPP. The TAG will evaluate the procedures
performed by field personnel in accordance with the FSP and QAPP. This evalu
ation will include review of the following:

0 Possession and use of the latest approved procedure(s) , standards,
and/or project-specific instruction(s) .

0 Conformance with appropriate procedures, plans, standards, and
instructions.

0 Identification, accuracy, and completeness of paperwork generated
during performance.
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11.0 DATA REDUCTION, VALIDATION, AND REPORTING

11.1 DATA REDDCTION

RAS organic and inorganic results will be reported using the Organic Analysis
Data Sheets (OADS) and Inorganic Analysis Data Sheets (IADS). used by the CLP.
The data package will contain all deliverables listed in the CLP SOWs. Soil
values will be reported on a dry weight basis. SAS analyses will be reported
in accordance with the SAS deliverables listed on separate forms, to include
EPA sample number and description, date of analysis, analyte(s), detection
limit(s) in the sample matrix analyzed, appropriate units, and data flags
appropriate to the analyses. RAS and SAS result forms and data packages will
be submitted to EPA Region V LSSS.

Following validation by EPA of the RAS and SAS data packages, reduced data
will be forwarded to the Donohue Site Manager along with the EPA data review.
The data will include the analytical results reported and any data flags
provided by the laboratory and data reviewer. Data flags may include:
(1) estimated concentration due to poor spike recovery, (2) concentration of
chemical also found in lab blank, and (3) concentration below required detec-
tion limit. Data qualifier codes specified in the CLP SOW may also be used.
Reviewer comments may include: (1) usable as a quantitative result, (2) usable
with caution as an estimated concentration, and (3) unusable due to out-of-
control QC results.

11.2 DATA VALIDATION

Validation will be accomplished by comparing the contents of the data packages
and QA/QC results to the requirements contained in RAS and SAS methods. Raw
data such as GC/MS chromatograms and mass spectra, ICP and GFAA data reports,
and data station printouts will be examined to ensure that reported results

***** are accurate. The EPA LSSS will be responsible for this. The protocol for
RAS analyte data validation as presented in "Functional Guidelines for Evalua-
tion Organic and Inorganic Analyses" will be used.

11.3 DATA REPORTING

11.3.1 RAS Data

The RAS analytical laboratories will prepare and submit full analytical and QC
reports to EPA Region V in compliance with requirements of the CLP to include
the following (as applicable}:

1. Narrative including statement of samples received, description of any
deviations from RAS standard procedures, explanation of qualifica-
tions regarding data quality/ and any other significant problems
encountered during analysis.
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2. Up to 20 extractable organic compounds not included in the RAS
analytes, tentatively identified and quantified against the nearest
internal standard.

3. An organic QA/QC report including Forms I to X, surrogate spike
results for each sample, matrix spike/ and matrix spike duplicate
results, method blank results, initial and continuing calibration
checks.

4. An inorganic QA/QC report including Forms I to XIII, spike and dupli-
cate results, method blank results, and initial and continuing
calibration checks.

5. Field and laboratory chain-of-custody documentation pertaining to
each sample delivery group analyzed.

11.3.2 SAS Data

The SAS analytical laboratories will prepare and submit data packages to EPA
Region V in compliance with the specific deliverables listed in Section 9 of
the SAS request in Appendix A which include the following (as applicable):

1. Narrative including a listing of samples received with test procedure
reference (ASTM or EPA) listed.

2. All handwritten raw data, computer spreadsheets, and instrument
printouts sufficient to allow independent calculation of results
reported.

3. All calibration curves, bench records of reagent standardization,
results of laboratory blanks, duplicates, matrix spikes, EPA QC
reference samples with true values and associated 95 percent confi-
dence limits.

4. Field and laboratory chain-of-custody documentation pertaining to
each case of samples analyzed.
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12.0 PERFORMANCE AND SYSTEMS AUDITS

12.1 INTERNAL AUDITS

Systems audits of on-site field collection activities will be conducted. The
audits will include verification that approved procedures are in place and
used, that an acceptable calibration program is operational, that an organiza-
tional structure is in place and personnel responsibilities are clearly
defined, that a training program for personnel is documented and current, that
the chain-of-custody program and records retention program are adequate, and
that corrective actions are taken by field personnel in a responsive and
timely manner.

Before field activities start, and/or shortly after systems are operational,
the Technical Advisory Committee (TAG) will conduct a field sampling system
audit on-site to review:

0 Organization and responsibilities in order to determine whether the
field team organization is operational.

0 The collection of samples to assure that written procedures are avail-
able and are being followed.

0 Chain-of-custody program to assure that the appropriate steps have been
followed in the traceability of samples.

0 The implementation of the operational procedures to assure that the
appropriate QC checks are being made in the field and records are
maintained of these checks.

12.2 EXTERNAL AUDITS

The CLP RAS and SAS laboratory facilities participate regularly in the perfor-
mance evaluation programs administered by EPA. U.S. EPA EMSL - Las Vegas
conducts annual system audits of the CLP laboratories and sends quarterly
performance evaluation samples for ongoing assessment of laboratory precision
and accuracy. The U.S. EPA Region V CRL is responsible for auditing labora-
tories performing SAS analyses. The field activities may be audited by the
EPA Region V CDO and/or CRL at the request of the RPM.
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13.0 PREVENTIVE MAINTENANCE

13.1 CLP RAS AND SAS LABORATORIES

All CLP laboratories are required under Exhibit E QA/QC Requirements in the
organics and inorganics SOW to have Standard Operating Procedures (SOPs) for
preventive maintenance of each instrument measurement system. All maintenance
activity is documented on standard forms maintained in logbooks. A history of
the maintenance records of each system serves as an indication of the adequacy
of maintenance schedules and parts inventory.

13.2 FIELD MEASUREMENTS

Specific preventive maintenance procedures to be followed for field equipment
are those recommended by the manufacturer and are contained in the Field
Sampling Plan (Appendix C) and QAPP Appendix E.

Field instruments will be checked and calibrated daily before use. Calibra-
tion checks will be documented on the field meter instrument calibration logs
(FSP, Appendix A). Critical spare parts such as batteries will be kept
on-site to reduce down time. Backup instruments and equipment should be
available on-site or within one-day shipment to avoid delays in the field
schedule.
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14.0 SPECIFIC ROUTINE PROCEDURES TO ASSESS
DATA PRECISION, ACCURACY,

AND COMPLETENESS

14.1 FIELD DATA

Data assessment will be accomplished by the Site QC Officer (SQCO). The SQCO
will review field results for compliance with the established QC criteria as
described in the QAPP and FSP. Field data will be assessed by examination of
field meter daily calibration accuracy, field duplicate, and field and back-
ground blank contents. Field duplicate precision will be expressed based on
the relative percent difference (RPD) statistic as described in the CLP SOWs.
Any problems arising during sample collection, packing, shipping, or analysis
will be taken into consideration.

14.2 LABORATORY DATA

Completeness of RAS data based on contractual completeness is assessed before
release to Region V by the SMO using the Contract Compliance Screening Proce-
dure. RAS data will then be reviewed for precision and accuracy by Region V
LSSS in accordance with the U.S. EPA Hazardous Site Evaluation Division,
"Laboratory Data Validation Functional Guidelines for Evaluating Organics
Analyses," "Laboratory Data Validation Functional Guidelines for Evaluating
Pesticides/PCBs Analyses," and "Laboratory Data Validation Functional Guide-
lines for Evaluating Inorganic Analyses."

Analytical data for SAS analysis will be assessed by the SMO for completeness
based on the SAS request requirements. Precision and accuracy of SAS analytes
will be assessed by EPA Region V LSSS by a review of the data package and
QA/QC results to determine if the protocols specified in the SAS request were
adhered to.
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15.0 CORRECTIVE ACTION

15.1 DISCOVER? OP QA PROBLEMS

The TAG will issue a description of each nonconforming condition identified,
i.e., when objectives for field precision, accuracy, completeness, representa-
tiveness, or comparability are not satisfied, or when unacceptable procedural
practices or conditions are identified during ongoing review or system audits.

A full description will include the conditions requiring corrective action,
indicate the nature of the corrections required, and specify a schedule and
the authority for correction.

15.2 CORRECTIVE ACTION

Upon the documentation of a QA problem, it will be relayed to the responsible
officer of the laboratory, the Project Manager, the Site Manager, Field Team
Leader, and Site QC Officer. The responsible individual will indicate the
nature of the corrective action taken and will require appropriate documenta-
tion of such action. The corrective action taken will include measures to
prevent a recurrence.

15.3 STOP-WORK ORDER

If corrective actions are insufficient, resolution cannot be reached, or
results or prior work are indeterminate, work may be stopped by the TSQAM. If
there is a disagreement between the TSQAM and the Site Manager as to the stop-
work directive, the differences shall be brought to the attention of the PM
for resolution.

15.4 CLP LABORATORIES

The laboratories participating in the CLP are required to have a written SOP
specifying corrective action to be taken when an analytical error is discov-
ered or the analytical system is determined to be out of control. The SOP
requires documentation of the corrective action and notification of the
analyst of the error and correct procedures.

The SMO also may request corrective action for any contractual non-conformance
identified by audit or data validations. The EPA Region V LSSS may request
corrective action by the CLP laboratories for any non-conformances identified
in the data validation process through the SMO or, for minor problems, the lab
may be contacted directly. Corrective actions may consist of sample
re-analysis if holding time permits. Recollection of samples may be necessary
if holding times have expired.
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15.5 SPECIAL ANALYTICAL SERVICES

Corrective action for SAS requests should comply with the specific SAS request
as well as with the procedures described in Section 15.4.

15.6 FIELD CHANGES

The Site Manager is responsible for all site activities. In this role, the
Site Manager at times is required to adjust the field program to accommodate
site-specific needs. When it becomes necessary to modify a program, the Field
Team Leader notifies the Site Manager of the anticipated change, and documents
and implements the necessary changes. The EPA RPM and PO will be notified if
the change is determined to be a significant one. Significant field changes
may include: deleting a sampling location, using less inert sampling devices,
or changing from the chemical analyses listed in the QAPP and FSP.
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16.0 QUALITY ASSURANCE REPORTS TO MANAGEMENT

The complete and correct implementation of the QAPP will be reviewed by the
TAC and an assessment of adherence to sample collection procedures and data
quality will be presented in the data quality summary report.

Meetings to discuss the progress of the project will be held as requested by
EPA. Concerns which arise during the course of the work that might require
significant changes to the scope of work or departures from the protocols
specified in the approved project plans will be discussed at these meetings.
Proposed adjustments will be submitted to the EPA in writing. At requested
intervals, the TSQAM, in conjunction with the TAC, will summarize QA activi-
ties. These summaries may include:

0 Results of system and performance audits conducted during the period.

0 An assessment of the accuracy of measurement data, precision, complete-
ness, representativeness, and comparability including soil physical
tests.

0 A listing of the QA problems discovered during the period, related
corrective actions undertaken, and an assessment of the results of
these actions.

8 Identification of significant QA problems and recommended solutions.

ARCS/P/HIMCO/AD4



APPENDIX A

SAS REQUEST FORMS

Water Quality SAS:

Bromide SAS:

Chloride, sulfate, TDS, TSS, alkalinity,
TP, TKN, NH3, N02 and N03, COD

Anions, ion-exchange chromatographic,
automated

Residential Wells Organic SAS: Analysis of drinking water/residential
wells for volatiles, semi-volatiles, and
pesticides/PCBs with low quantitation
limits

Residential Wells Inorganic SAS: Analysis of drinking water/residential
wells for metals and cyanide

Sorbent Tube SAS:

Geotech SAS:

Organic Carbon SAS:

Analysis of sorbent tubes for TCL vola-
tile organics

Analysis of soil samples for Atterburg
Limits, particle size analysis, perme-
ability, consolidation, and triaxial
shear

Determination of percent organic carbon
in soil on air dried sample

A-l
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U.S. ENVIRONMENTAL PROTECTION AGENCY ,——...,. ..
CLP Sample Management Office 5A5 Number
P.O. Box SIS . Alexandria, Virginia 22313
Phone: 703/557-2*90 - FTS/557-2%90

SPECIAL ANALYTICAL SERVICES
Client Request

Regional Transmittal j _ j Telephone Request

A. EPA Region/Client: —

B. RSCC Representative:

C. Telephone Number: (312) 3 £3> " 27ZO

D. Date of Request:__________________

E. Site Name: l*r\U) Du»*- , g.\\£b\Q/t J^\dia

Please provide below description of your request for Special Analytical Services under
the Contract Laboratory Program. In order to most efficiently obtain laboratory
capability for your request, please address the following considerations, if applicable.
Incomplete or erroneous information may result in a delay in the processing of your
request. Please continue response on additional sheets, or attach supplementary
information as needed.

1. General description of analytical service requested:
IcVgJ a^n/yjuJQ'fev SqrKtes TPV
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ox? . .
2. Definition and number of work units involved (specify whether whole samples or

fractions; whether organics or inorganics; whether aqueous or soil and sediments;
and whether low, medium or high concentration):

- /t>i/Q

3. Purpose of analysis (specify whether Superfund (enforcement'or remedial action),
RCRA, NPDES, etc.): ___________________________________

c"5
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us.-

Estimated date(s) of collection:

5. Estimated date(s) and method of shipment:

lo
6. Number of days analysis and data required after laboratory receipt of samples:

3O
7. Analytical protocol required (attach copy if other than a protocol currently used in

this program): _ — __________________________ ___________
g?ffzychfr

S. Special technical instructions (if outside protocol requirements, specify compound
names, CAS numbers, detection limits, etc.):
V)o(dtt*a 1>Ws .Should not

'Colkcb'^ f-fefd )
Cjsv\'tact'. l-f •tir+ejfft.A r>Y\br fa ale

9. Analytical results required (if known, specify format for data sheets, QA/QC
reports, Chain-of -Custody documentation, etc.) If not completed, format of results
will be left to program discretion.

10. Other (use additional sheets or attach supplementary information, as needed):

11. Name of sampling/shipping contact: YYp/CJtL
Phone: (4)4) 4-S"fl ~<A~7 J / X 3 2. S ^

C-6



5/005__-0-7/87 I I*' m 7/30/87 Analysis of chloride 1n water
- 2 -

4. Estimated date(s) of collection:

Estimated date(s) and method of shipment:__________rJCH /W

6. Number of days analysis and data required after laboratory receipt of samples:

7. Analytical protocol required (attach copy 1f other than a protocol currently used 1n
this program):

1. EPA Method 325.1 (Colorimetric. Automated Ferr1cyan1ce. AA-I) 1983ed.. o r _ _ _ _

2. EPA Method 325.2 (Colorimetric. Automated FerMcyanide. AA-II) 1983ed.. or_______
Note: A Region V CRL Auto Analyzer Manifold is attached for Method 325.2 to correct

___errors 1n Method 325.2*s manifold diagram.___________________________

3. ASTM Colorimetric Method (Manual Method) -ASTH D 512C-81. or________________
T.Method 407C (Potentiometric Titration) Standard Methods, 16th ed.Samples

^___will be kept at A°C until analysis and validation of results.________________

8. Special technical instruction (if outside protocol requirements, specify compound
names, CAS numbers, detection limits, etc.):

For Colorimetric methods (1) use a standard
curve between 0 and 300 mg/1 or less,(2) the'calibration curve must Include 5 points or
more (including a zero concentration standard), and (3) samples with absorbances or peak _
heights greater than highest standard must be diluted and reanalyzed.For t i t r i m e t r i c ~
method 1) use either 0.0141 or 0.025 N titrant, 2) automated potentlometrlc titrators are
acceptable, 3) do not use more than 20 ml titrant for 50 ml or 100 ml sample aliquots, 4)
dilute and reanalyze any sample aliqupts requiring more than 20 ml titrant, 5) remove any
Interfering chromate, ferric iron, sulfide, and sulfite, and 6) standardize titrants daily.~
Obtain approval of CPMS, CRL prior to use of any other method.____________________

9. Analytical results required (if known, specify format for data sheets, QA/QC reports,
Chain-of-Custody documentation, etc.). If not completed, format of results will be
left to program discretion.

The test procedure used will be clearly Identified. For the
Colorimetric methods, bench records tabulating order of calibration standards, verification
and control standards, samples, matrix spikes, titrant blanks, etc, with resulting peak
height, concentration, or absorbance read-outs will be provided with copies of worksheets
used to calculate results. For the titratlon method, any potentlometrlc titratlon curves
and all bench records tabulating titrant standardization, samples, aliquot volumes, matrix
spikes, etc. will be provided. Records of titrant standardization and titrant blanks will
be provided.A photocopy of Instrument readouts, 1e. strip charts, printer tapes, etc.
must be Included for all analyses. All records of analysis and calculations must be legible
and sufficient to recalculate all sample concentrations and QA audit results.
EPA QC reference samples, or any other reference sample or Initial calibration verification,
will be Identified as to source, lot number, and sample number. Corresponding "true" or
target values and associated 95% confidence limits for analysis results will be provided
for all reference samples used.

10. Other (use additional sheets or attach supplementary Information, as needed):

11. Name of sampling/shipping contact:_

Phone 414 4^8



5/005G-0-7/87 t 1* 7/30/87 Analysis of chloride 1n water

3.

i. DATA REQUIREMENTS

Parameter: Detection Limit Precision Desired
(+% or Cone.)

Chloride_______ 5 mg/1______ Differences 1n
duplicate sample

____________ results are to be
<5 mg/1 for concentrations

Note: These are minimum requirements <50 mg/1 and are to be
Report actual detection Hm1t used, < 10* for concentrations
based on allowable methodology options._______ exceeding 50 mg/1. The

significant figures to
____________ ____________ report depend on sen-

sitivity of colorimetrlc
curve or number of signifi-
cant figures 1n tltrant
volume.

11. QC REQUIREMENTS - Do not use designated field blanks for QA Audits.

Audits Required Frequency of Audits Limits* (% or Cone.)

a) For Methods 325.1, 325.2, and ASTM D 512C

Matrix Spike* 1 per group of 10 or 85 - 115% Recovery
_____________ fewer samples_____ ____________
Lab Duplicate j+ (10% or 5 mg/1)

Lab Blank "^ ' <5 mg/1
Calibration Verification Std. "_____ " 90-110% Recovery
1 Set of EPA QC Mineral Ref. 1 per sample s e t 8 5 - 1 1 5 % Recovery
Samples - 2 Concentrates ______________ ____________
b) For Method 407C

Same as Item I la for Matrix Spike*, Lab Duplicate, and QC Mineral Reference Samples.
Lab Blank (Not Tltratlon Blank) Beginning and end of -3 to +3 mg/1_____

sample set—————
Calibration verification At end of sample set 95 - 105% Recovery
Standard (Same as tltrant Standardazation)

*Matr1x spike concentrations will be greater than 30% of the sample concentration,
but spiked sample shall not exceed the working range of the standard curve or
tltration.

*

II. ACTION REQUIRED IF LIMITS ARE EXCEEDED;

Take corrective action and reanalyze samples - Contact

Please return this request to the Sample Management Office as soon as possible to
expedite processing of your request for special analytical services. Should you
have any questions or need any assistance, please call the Sample Management Office.



5/011__-0-7/87 ___|^ __ Sulfate in Water July 30, 1987
- 2 -

4. Estimated date(s) of collection:____________________________
i . i . . ,_

Estimated date(s) and method of shipment:______£>U3/H V W CrfCSmnnL________

6. Number of days analysis and data required after laboratory receipt of samples:

_________________________3D
7. Analytical protocol required (attach copy if other than a protocol currently used in

this program):

1. EPA Method 375.2 (Colorimetric HethyUhmol Blue) - 1983 ed. _____________
- Note:This method requires 0.75 mg/1 $04 in Dilution Water(See Reagent Section 6.8)

?IMethod 426C of Standard Methods, 16tn ed. (Turbidimetric)
____- Note; this last method provides for measurement of sulfate using 2 standard curves-

1 for sulfate concentrations between 0 and 10mg/l, and 1 between 10 and 40 mg/1
<___sulfate.____________________________________________________

<___Samples will be kept at 4°C until validation of results.____________________________

8. Special technical instruction (if outside protocol requirements, specify compound
names, CAS numbers, detection limits, etc.):

Sample holding time is not to exceed 28______
days from date of sample collection. Sulfate standards will be prepared daily from stock
solution.Samples with absorbances or turbidities greater than that in the highest stan-
dard will be diluted and rerun. For Method 426C, 1) the reanalysis solution should contain
between 20 and 40 mg/1 sulfate, and 2) concentrations must be corrected for background

t turbidity and color per Section 5d of Method 426C using pH adjusted sample aliquots._____1 Use only the methods specified. Calibration curves must include at least 6 points
(including a zero concentration standard) for Method 375.2 and Buffer A of Method 426C.______

9. Analytical results required (if known, specify format for data sheets, QA/QC reports,
Chain-of-Custody documentation, etc.). If not completed, format of results will be
left to program discretion.

The test procedure used must be clearly identified. Results
shall be reported as mg/1 S0_j1 Bench records tabulating the order of calibration standards;
Tab control standards, lab blanks, samples, spikes, etc.. with resulting absorbances_______
or concentration readouts, will be provided along with copies of worksheets used to cal-
culate results. Background absorbances used for turbidity corrections must be tabulated
for each sample aliquot tested.A photocopy of the instrument readout (ie. strip charts,
printer tapes, etc.) must be Included. All records of analysis must be legible and________
sufficient to calculate all concentrations and results.
EPA QC reference samples, or any other reference sample or Initial calibration verification.
will be identified as to source,lot number, and sample number.Corresponding "true" or
target values and associated 951 confidence limits for analysis results will be provided
for all reference samples u s e d . "

10. Other (use additional sheets or attach supplementary Information, as needed):

JJ; ) /Lb£
^ JX
UL^- J

' X fi
11. Name of sampling/shipping contact; f^dAUL^- JJJUNL.

Phone: 4l4- *fc?~ Kill



5/011G-0-7/87

I. DATA REQUIREMENTS

Parameter;

Sulfate

-3-
Sulfate in Water July 30, 1987

Detection Limit

5 mg/1

Note: These are min-
imum requirements. Report
the actual detection limits
used based on allowable
methodology options.

Precision Desired
(+1 or Cone.)

Method 375.2:
Differences in duplicate
sample results are to
be < 5 «g/l for con-
centrations < 50 mg/1,
and < 101 for concentrations
> 50 mg/1.
Eethod 426 C;
Differences in dupli-
cate sample results
are to be < 2 ng/1 for
concentrations < 20
«g/l and <^ 10X Tor
concentrations > 20
mg/1 in aliquot tested.

II. QC REQUIREMENTS - Do not use designated field blanks for QA audits.

Audits Required

Matrix Spike*

Lab Duplicate

Lab Blann (0 mg/1 504)

Lab Blank (10 mg/1 SO*)

Calibration Verification
Standard
1 Set of EPA QC Mineral
Reference Samples

Frequency of Audits

1 per group of 10 or
fewer samples_____

1 per group of 10 samples
and at end of sample set
once per sample set

Limits* (I or Cone.)

85-1151________
+ 110% or 5 mg/1) for
Method 375.2_____
+ (10% or 2 mg/1) for
ffethod 426C_____
< b mg/1 - Method 375.2
-2 to +2mq/l-Buffer B of
Method 426C or
8 to 10mg/1 - Buffer A of
Method 426C

90 - 1101

85-1151 for each
concentration.

*Matrix spike concentrations will be greater than 30% of sample concentrations,
but spiked samples shall not exceed working range of standard curve.

i
III. ACTION REQUIRED IF LIMITS ARE EXCEEDED:

»

Take corrective action and reanalyze samples.

Please return this request to the Sample Management Office as soon as possible to
expedite processing of your request for special analytical services. Should you
have any questions or need any assistance, please call the Sample Management
Office.



5/024 -0-6/87 ̂ J ^_ | IDS in Water 6/29/87
JW'I *

6. Approximate number of days results required after lab receipt of samples: o<D

7. Analytical protocol required (attach copy if other than a protocol currently used in
this program):

1. EPA Method 160.1. 1983 ed.. or___________________________________

2. Method 209B. "Standard Methods". 16th ed. Samples will be kept at 4*C until_____
sample analysis and validation of results. Holding time is 7 days from date of

sample collection.__________________________________________

8. Specail technical instructionns (if outside protocol requirements, specify compound
names, CAS numbers, detection limits, etc.):

1) Use standard aliquots of 100ml:
however do not use sample aliquots yielding more than 200 mg residue.If residue is
greater than 200 mg. repeat the analysis using a smaller sample aliquot. 2) If the
pH value is less than 4.0, raise the pH of the aliquot (using NaOH titrant) to between
pH 4 and 8 and subtract the weight of sodium added from the weigth of the residue.
3) Residue will be weighed either to constant weight pursuant to Section 7.6 of Method
160.1 the final weight is to be used for calculations. Constant weight is defined as
a) less than 0.5 mg or less than 4% weight loss from the previous weight, whichever is
smaller, or b) dried overnight (12 hours drying time) with a single weight used for
calculations.

9. Analytical results required (if known, specify format for data sheets, QA/QC reports,
Chain-of-Custody documentation, etc.). If not completed, format of results will be
left to program discretion.

Identify the QC reference sample lot numbers used and their true values with 951 con-
fidence intervals.Bench records of tare weights, final weights, additional weights
to determine constant weights, volumes filtered, blanks, duplicate samples, and refer-
ence samples will be provided with copies of work sheets used to calculate results .
Dates and time of 1) determination of tare weights. 2) sample filtration, and 3) deter-
mination of residue weights and constant residue weights will be part of bench records.
All records of analysis must be legible and sufficient to recalculate all sample_____
concentrations and QA results.

10. Other (use additional sheets or attach supplementary Information, as needed):

11.
1
Name of sampling/shipping contact:

Phone:

fr^AUA \

4/4- -VS
£ue*\l
'?~K7I 1 X 22^3

Please return this request to the Sample Management Office as soon as possible to expedite
processing of your request for special analytical services. Should you have any questions
or need any assistance, please call the Sample Management Office.



5/0246-0-6/87 J |J^ * J IDS 1n Water 6/29/87

I. DATA REQUIREMENTS

Parameter Detection Limit Precision Desired
(+1 or Cone.)

TDS__________.__ 20 mg/1________ Difference 1n duplicate
. sample allquots shall

Note: These are mini- m______________ not exceed 2 mg for
m u m r e q u i r e m e n t s . r e s i d u e s . D u p l i c a t e
Report the actual >______________ differences shall not
detection limits used exceed 101 for sample
based on allowable ______________ values greater than
methodology o p t i o n s . 2 0 0 mg/1.

II. QUALITY CONTROL REQUIREMENTS Do not use any designated field blanks for QA Audits.

Audits Required Frequency of Audits Limits* (+* or Cone.)

1. 1 set of EPA PC 1 per sample set____ 85-llSt Recovery
" M i n e r a l Reference

Samples*- 2 concen- _______________ _______ ___
tration levels.

At least 1 per group of ±.'(101 or 2 mg of residue)
2. Lab Duplicate____ 10 or fewer samples ~______________

At least 1 per group of - 20 mg/1 to + 20 mg/1
3. Lab Blanks (100 ml 10 or fewer samples _______________

of filtered reagent
water)_________ _______________

* Alternate reference samples must be approved by Region V RSCC prior to analysis.
III. *Action Required if Limits are Exceeded;

reflra?iv/*cTake corrective action and celMtL samples. Contact .S



''5/025__-H/8? ^f^^k^ f -2- TSS in water 6/29/87

6. Approximate number of days results required after lab receipt of samples: 30____

7. Analytical protocol required (attach copy 1f other than a protocol currently used 1n
this program):

1. EPA Method 160.2. 1983 ed.. (Gravimetric. Dried at 103° - 105° C) using glass fiber
filter discs without organic binder such as: Mi Hi pore AP-40, Reeve Angel 934-AH,
Gelman A/E. or equivalent. Use only membrane f11ter apparatus with 47 OBI diameter
glass fiber filter and a coarse (40-60 micron) fritted disc filter support.The filter
and support specifications are mandatory. Samples will be held at 4*C until sample

" a n a l y s i s and validation of results are completed.Holding time is 7 days from date
of sample collection.______________________________________'

8. Specail technical instructionns (if outside protocol requirements, specify compound
names, CAS numbers, detection limits, etc.):

1. Sample aliauot volumes are selected
on the basis of the following factors, a) During initial sample filtratrion, filtration
rate should not drop rapidly, or require more than 5 minutes of filtratrion time. (In-
crease the filter area or decrease the sample volume as needed for sample reanalysis),
b) The sample aliquot filtered should provide a residue with greater than 1.0 mg for
aliquots less than 200ml in volume, and c) Sample aliquots should not exceed 200ml in
volume. 2. Duplicate sample aliouots will be filtered with 2 or more Intervening ____
samples. 37 Final residues are to be weighed either to constant weignt pursuant to
Section 7.6 of Method 160.1 (The final weight is to be used for calculations), or dried
overnight (12 hours of drying time) with the single weight used for calculations. Constant
weight is defined as less than 0.5 mg or less than 4% weight loss from the previous ___
weight, whichever is smaller. 57 Use only the method specified above in items 7 and
B. _____________________________________________________________ .

9. Analytical results required (if known, specify format for data sheets, QA/QC reports,
Chain-of-Custody documentation, etc.). If not completed, format of results will be
left to program discretion.

Identify EPA PC reference sample lot numbers used and their true values and 95% con-
fidence intervals. Bencn records of tare weights, final weights, volumes filtered, blanks ,
duplicate samples, and reference samples (all in the order filtered) will be provided
along with copies of worksheets used to calculate results. Dates and time of a) fi Itra- .
tion of initial 100ml volume, b) determination of tare weights, c) sample filtration, and
d) determination of constant residue weights will be part of bench records. Al 1 records of
analysis must be legible and sufficient to recalculate all sample concentrations and
QA results. i

10. Other (use additional sheets or attach supplementary Information, as needed):

11. Name 'of sampling/shipping contact: lM?Jh\

Phone: 4/" < / < - X Ill

Please return this request to the Sample Management Office as soon as possible to expedite
processing of your request for special analytical services. Should you have any questions
or need any assistance, please call the Sample Management Office.



5/025G-1- -3- TSS in water 6/29/87

I. DATA REQUIREMENTS

Parameter

Suspended Solids_____

Note: These are minimum
requirements. Report the
actual detection limits
used based on allowable
methodology options.

Detection Limit

2-3 mg/1 for 200 ml

sample aliquot

Precision Desired
(+1 or Cone.)

Difference In duplicate
results snail not exceed
0.5 mg for duplicate
aliquots filtered.

II. QUALITY CONTROL REQUIREMENTS Do not use designated field blanks for QA Audits.

Audits Required

1) Lab Duplicates___
(See item 8.3 on Page 2)

2) Lab Blanks
(200 ml aliquots)

3) 1 set of 2 EPA PC
Residue Reference
Samples-2 concentration
levels

Frequency of Audits

1 per group of 10 or
fewer samples

1 per group or 1C) or
fewer samples

1 per sample set

limits* (+% or Cone.)

less than 0.5 mg-f-p^ »f
less -H\&n IC6?̂  -£"0r Semper.
* '
-0.5 to +0.5 mg

< 5 mg/1 error for con-
centrations £ to 50 mg/1
or < or = to^lOt for nom-
inal concentrations > than
50 mg/1_________

* Alternate reference samples must be approbed by Region V RSCC prior to analysis.

III. ^Action Required if Limits are Exceeded:

Take corrective action and reanalyze samples.

Contact



5/002_-0-6/87 V | » l Analysis for alkalinity 6/29/87

4. Estimated date(s) of collection:

Estimated date(s) and method of shipment; Daily by overnight carrier_____________

6. Number of days analysis and data required after laboratory receipt of samples:

laboratory should report results within 30 days of receipt of samples*__________

7. Analytical protocol required (attach copy if other than a protocol currently used in
this program):

1) Alkalinity EPA Method 310.1 (Titrimetric. ph 4.5) 2) Standard Methods. 16th Edition,

Method 403 Ac and 4d.________________________________________

Samples will be stored at 4°C until analysis and validation of results.__________

8. Special technical instruction (if outside protocol requirements, specify compound
names, CAS numbers, detection limits, etc.):

Samples holding time should not exceed 14
days from date of collection. Use potentiometric titration to pH 4.5 for alkalinity >
20 mg/1 as CaCO?. For concentrations <20 mg/1. use EPA Method 310.1 (Section 6.3) or
Standard Methods, Method 403 4 d . D o not use titrant volumes greater than 50ml.
Obtain approval of CPHS. CRL prior to use of any other method.________________

Use Na?C(h to standardize titrant. Standardize the pH meter and the titrant each day.

Standardize the pH meter using at least two buffers which bracket the end point.____

9. Analytical results required (if known, specify format for data sheets, QA/QC reports,
Chain-of-Custody documentation, etc.). If not completed, format of results will be

%^ left to program discretion:
The Test procedure used will be clearly identified. Bench

records tabulating the order of analysis including pH meter calibration, titrant standardi-
zation, lab blanks, samples, lab control standards, duplicates, etc.. with resulting____
titrant volumes or readouts will be provided along with calculation worksheets.ATT
records will be legible and sufficient to recalculate all sample concentrations and QA____
audit results.Report method of titrant standardization.
EPA QC Reference samples, or any other reference sample or Initial calibration verification.
will be identified as to source, lot number, and sample number.Corresponding "true" or
target values and associated 95% confidence limits for analysis results will be provided
for all reference samples used.

10. Other (use additional sheets or attach supplementary information, as needed):

Name of sampling/shipping contact; /VAjg/IU/A. L/U£h i_________________.
Phone: 4rIA"" 45% ~ 87)1 ?



5/002G-0-6/87

I. DATA REQUIREMENTS

Parameter:

Alkalinity

NOTE: These are mi m mum
requirements*
actual detection limits
used based on allowable
methodologies.

3.

Detection limit

2 mg/1 for low level

20 mg/1 for high level

Analysis of alkalinity
6/29/87

Precision Desired
(+1 or Cone.)
* 7 mg/1 for Cone,
7 20 mg/1 CaCth
+ 101 for Cone.
" > 20 mq/1

XI. QC REQUIREMENTS - Do not use designated field blanks for QA audits.
The QA audits below will be done for each group of low-level and high-level
akalinity determinations.

Audits Reouired

lab blank

Frequency of Audits

at least 1 per group of
10 or fewer samples

Limits* (% or Cone.)

<10 mg/1 for high-
level samples tested.
<2 mg/l£ for low-

sTmples tested.

Tab duplicate at least 1 per group of
10 or fewer samples

+. 10% or +_ 2 mg/1

lab control sample
1 set of ERA QC mineral
reference samples

1 per sample set 90-110* recovery.

II. ACTION REOUIRED IF LIMITS ARE EXCEEDED:

Take corrective action and reanlyze samples.

Contact £/Vl 0

return this request to the Sample Management Office as soon as possible to expedite
. .essing of your request for special analytical services. Should you have any questions
r need any assistance, please call the Sample Management Office.



5/016_-0-6/87 1̂ ̂ ^ ft Total ph«sphorus 6/29/87

4. Estimated date(s) of collection:

5. Estimated date(s) and method of shipment: _______ /Jail V?u

». Number of days analysis and data required after laboratory receipt of samples:

laboratory should report results within 30 days after receipt of samples. ________ _

7. Analytical protocol required (attach copy if other than a protocol currently used in
this program):

Total Phosphorus EPA Method 365.1 (Automated. Coloriroetric. Ascorbic Acid)

Total Phosphorus ERA Method 365.2 (Automated. Coloriroetric. Single Reagent) _____

Total Phosphorus EPA Method 365.4 (Block Digester)

Samples will be preserved in the field with 1 ml/1 HySOa to pH <2 and stored at 4°C

until analysis and validation of results.

8. Special technical instruction (if outside protocol requirements, specify compound
names, CAS numbers, detection limits, etc.) Check sample pH using wide-range pH paper. If
the pH>2, contact CPMS, CRL for instructions:

Dilute and redigest samples with absorbances
or peak heights higher than the highest standanT! All standards, blanks, audits, etc.
must be digested. The holding time is not to exceed 28 days from sample collection.
Use only the method(s) specified above. The calibration curve must include at least 5
standards. (One of the standards must be zero concentration).

9. Analytical results required (if known, specify format for data sheets, QA/QC reports,
Chain-of-Custody documentation, etc.). If not completed, format of results will be
left to program discretion:

The test procedure used will be clearly identified. Bench
records and all records of analysis and calculations for samples, blanks, duplicates, -
spikes and all control checks with peak height or response and concentrations will be
provided with copies of worksheets. Results will be reported as mg/1 P. Any digestion log
will be provided showing sample aliquots and concentrations of all samples tested. Records
must be legible and sufficient to recalculate all concentrations. A photocopy of the
instrument readout i.e. stripcharts. printer tapes, etc, must be Included. ____
EPA QC reference samples, or any other reference sample or initial calibration verification,
will be Identified as to source, lot number, and sample number. Corresponding "true" or
target values and associated 951 confidence limits for analysis results will be provided
for all reference samples used.

10. Other (use additional sheets or attach supplementary information, as needed):

p Yl 9/

. Name of sampling/shipping contact;

Phone: ^ M ~ V tt' #7/1



5/016G-0-6/87 Total Phosphorus 6/29/87

I. DATA REQUIREMENTS

Parameter;

Total P

NOTE; These are minimum
requirements. Report
actual detection limits
used based on specified
methodologies. ____

Detection Limit

0.05 mg/1

Precision Desired
l+% or Cone.)

Duplicate results must
agree to within 101
for concentrations
> 0.5 mg/1 or within
7.05 mg/1 for con-
centrations < 0.5 mg/1

II. QC REQUIREMENTS - Do not use designated field blanks for QA audits

Audits Required

Matrix Spike*

Lab Duplicate

Lab Blank (Also serves as
a calibration blank).

Calibration verification
standard

1 set of ERA nutrient QC
reference samples cone. 344

Frequency of Audits Limits* (I or Cone.)

at least 1 per group of
10 or fewer samples 851 - 1151

at least 1 per group of
10 or fewer samples +_ (10% or 0.05 mg/1)

at least 1 per group of
10 or fewer samples <0.05 mg/1

1 per group of 10 samples 90% - 110*
and end of sample set

1 per sample set 85% - 115*

*The matrix spike concentrations will be approximately 30% or larger of sample
concentrations, but spiked samples shall not exceed the working range of the
standard curve.

II. ACTION REQUIRED IF LIMITS ARE EXCEEDED;

Take corrective action and reanalyze samples

Contact

(•*se return this request to the Sample Management Office as soon as possible to expedite
essing of your request for special analytical services. Should you have any questions

• need any assistance, please call the Sample Management Office.



5/015__-0-7/87 I |feft * 'I Total Kjeldahl Nitrogen July 30, 1987
- 2 -

4. Estimated date(s) of collection:____________________________

5. Estimated date(s) and method of shipment: _______ fAail^\ \)^\ CrJ&fr\\ri\\t
•J -^ J

6. Number of days analysis and data required after laboratory receipt of samples:

Laboratories shall report results within 30 days after receipt of samples _________

7. Analytical protocol required (attach copy 1f other than a protocol currently used in
this program):

1) EPA Method 351.2 (Colorimetric, Block Digester, AA II)
2) EPA Method 351.3 (Colorimetric, Titrimetric, or Potentiometric ) (NOTE: For Method
351.3 the micro-Kjeldahl technique is not acceptable.) Samples will be preserved in the
field using H2S04 (lml/L) to pH<2, samples will be stored at 4°C until analysis arid
validation of results.

8. Special technical instruction (if outside protocol requirements, specify compound
names, CAS numbers, detection limits, etc.):

For all Methods: Analyze samples within 28
days after collection. Check the sample pH (wide range pH paper). If tne pH>2, contact
CPUS, CRL for instructions. Use nicotinic acid for the control standard. Use an organic
nitrogen compound for tne matrix spike. Use only the Methods specified in item 7. Metho
351.3 requires distillation separation, prior to all final ammonia measurements.
For Method 351.3: Use only the Colorimetric method for samples containing less than
1 mg N/l.
For Colorimetric Methods (351.2 and 351.3): Use at least five calibration standards
(including a zero concentration standard). Dilute and reanalyze samples with concentra-
tions that exceed the highest calibration standard. ___ _____________
For the Potentiometric Method (351.3): Use at least four calibration standards. Dilute
and reanalyze samples with concentrations that exceed the highest calibration standard.
For the Titrimetric Method (351.3): Standardize the titrant each day. Include records
of indicator blank.

9. Analytical results required (if known, specify format for data sheets, QA/QC reports,
Chain-of-Custody documentation, etc.). If not completed, format of results will be
left to program discretion.

Identify the test procedure and options used. Provid* bench
records and all records of calibration, analyses, and calculations for standards, samples.
blanks, any titration indicator blanks, duplicates, spikes, controls, etc. Include ab- . .
sorbances. peak heights, responses, concentrations, etc, for each measurement. Include .
digestion logs snowing sample volumes and dilutions for all samples. Identify organic
nitrogen compound used for matrix spikes. Records must be legible and sufficient to ____
recalculate all concentrations and QA audit results. Provide photocopies of all instru-
ment readouts (i.e. stripcharts, print-outs, etc). Report results as mg N/l. Identify
the compound used for the matrix spike.
EPA QC reference samples, or any other reference sample or initial calibration verifica-
tion, will be identified as to source, lot number, and sample number. Corresponding "try"
or target values and associated 95% confidence limits for analysis results will be provi-
ded for all reference samples used.

10. Other (use additional sheets or attach supplementary information, as needed):

; r^\)i. Name of sampling/shipping contact; l^\Q/[(iOL

Phone:



5/015G-0-7/87 1. Tota1 KJeldahl Nitrogen July 30, 1987

I. DATA REQUIREMENTS

Parameter;

TKN
NOTE: These are
minimum requirements
Report the actual
detectlon limit used
based on allowable
methodology options.

Detection Limit

0.1 mg N/l

Precision Desired
1*1 or Cone.)

Duplicate sample results
must agree within 0.1 mg/1
for concentrations <1 mg/1
and within 101 for concen-
tratlons > or » to 1 mg/1

II. QC REQUIREMENTS Do not use designated field blanks for QA audits.

Audits Required Frequency of Audits Limits* (I or Cone.)

Control standards (Nicotinic
Acid)

Matrix spike*_____

Lab duplicate_____

Lab blank________
Calibration verification
Standard_________

1 set of E?A QC nutrient
reference samples
cone. 3 and 4.

one per set

one per group of 10 or
fewer samples

and at
the end of the set

one per set_______

70 - 1105 recovery

85 - 1155 recovery

+ (105 or 0.1 rog N/l)

+ 0.1 mg N/l______

90 - 1105________

85 - 1155

*Matrix spike concentration will be greater than 301 of the sample concentration
but will not exceed the highest calibration standard. Matrix spikes will be
prepared from an organic nitrogen compound.

III. ACTION REQUIRED IF LIMITS ARE EXCEEDEO:

Take corrective action and reanalyze samples.

Contact

"ease return this request to the Sample Management Office as soon as possible to expedite
P.-ocess1ng of your request for special analytical services. Should you have any questions
or need any assistance, please call the Sample Management Office.



NHH5/013___-0-6/87 §WM* I Ammonia 1n Water 6/30/87

4. Estimated date(s) of collection:

5. Estimated date(s) and method of shipment; Daily by overnight carrier________

6. Number of days analysis and data required after laboratory receipt of samples:3o
7. Analytical protocol required (attach copy 1f other than a protocol currently used In

this program):

1) EPA Method 350.1 (Automated Phenate). or_______________________

2) EPA Method 350.3 (Potentlometrlc. Ion Selective Electrode)._________________

Samples will be stored at 4° C until analysis and validation of results. Sample_____

allquots will be preserved 1n the field with sulfuric add (1 ml/1 to pH < 2)._______

The working concentration range of Method 350.1 Auto Analyzer should be 0.1 to 10 mg/1

NH^-N or lesser concentration._____________________________________

8. Special technical Instruction (if outside protocol requirements, specify compound
names, CAS numbers, detection limits, etc.):

Check sample pH (wide range pH paper). If pH >
contact Jay Thakkar, CPMS, CRL for instructions.Dilute and rerun samples with peak
heights or concentrations higher than the highest standard. The holding time is not to
exceed 28 days from sample co l lect ion.Al l solutions should be made with amonia-free water
For Method 350.3 calibrate the electrometer with standards 1n order of increasing concen-
tration of ammonia. The pH of the solution after the addition of NAOH must be above 11.
Use only the method(s) specified above. Standard curve for Method 350.1 must include at
least 5 standards (one of whicn Is zero concentrat ion).Standard curve for Metnod 350.3
must include at least 4 standards between 0.1 and 10.0 mg/1 NH3-N. All standards, blanks.
dilution water, and diluted samples must be acidified witn 1 ml/1 H2S04.

9. Analytical results required (if known, specify format for data sheets, QA/QC reports,
Chain-of-Custody documentation, etc.). If not completed, format of results will be
left to program discretion:

The test procedure used will be clearly identified. Bench
records tabulating the order of calibration standards, lab blanks, samples, lab control
standards, spikes, duplicate, etc, with resulting peak heights, millivolts, or concentration
readouts, wil l be provided along witn copies of worksheets used to calculate ammonia re-
suits. If Method 350.3 is used, the standard curve should be provided. A photocopy of the
Instrument readout i.e. strip charts, printer tapes, etc. must be included. All records
analyses and calculation must be legible and sufficient to recalculate all concentrations.
Results are to be in mg/-N per liter. " ~
EPA QC reference samples, or any other reference sample or initial calibration verification.
will be identified as to source, lot number, and sample number.Corresponding "true" or
target values and associated 954-confidence limits for analysis results will be provided
for all reference samples used.

10. Other (use additional sheets or attach supplementary Information, as needed):
hokf-E •frHygfogx MO£HoJ[ .

11. Name of sampling/shipping contact;

Phone: 4/Y' VS^-^?// X7/Z53



5/013G-0-6/87

I. DATA REQUIREMENTS

Parameter:

Ammonia____•

NOTE: These are minimum
requirements.Report
actual detection limits
used based on specified
methodologies.______

-3-

Detection Limit

0.1 mg/l-N

Analysis of ammonia
June 30, 1987

Precision Desired
(+* or Cone.)

' Duplicate results must
agree to within 10%

__ for concentrations
> lmg/1 or to within
TT.lrog/1 for concen-
trations <1 mg/1

_____________ __________' Results will be re-
ported to the near-

_____________ ___________ est 0.05 mg/1 and to
2 significant figures

<_____________ t___________ for concentrations
exceeding 1/mg/l-N.

GENERAL STATEMENT
II. QC REQUIREMENTS - Do not use designated field blanks for QA Audits.

a) For Method 350.1
Audits Reauired

Matrix Spike'

Lab Duplicate

Lab Blank_______

Calibration verification

1 set of EPA OC Nutrient
reference samples. Cone.
1 & 2

b) For Method 350.3

Lab Duplicate

Frequency of Audits

at least 1 per group of
10 or fewer samples

at least 1 per group of
10 or fewer samples

at least 1 per group of
10 or fewer samples

Limits* (% or Cone.)

85% -

+_ 10% or 0.1 mg/1

<0.1 mg/1

1 per group of 10 samples 90* - 110%

Lab Blank

Calibration verification
standard______
1 set( of EPA QC Nutrient
reference samples. Cone.
1 ft 2.

1 per sample set

at least 1 per group of
10 or fewer samples

at least 1 per group of
10 or fewer samples

1 per 10 samples and
end of set

1 per sample set

85% - 115%

10% or 0.1 rnq/1

<_ 0.1 mg/1

90% - 110%

85% - 115%

*Matrix spike concentrations will be greater than 30% of sample concentrations, but spiked
samples should not exceed working concentration range of standard curve.

MI. ACTION REQUIRED IF LIMITS ARE EXCEEDED:

Take corrective action and reanalyze samples - Contact -SjTjQ --— -~: -

Please return this request to the Sample Management Office as soon as possible to expedite
processing of your request for special analytical services. Should you have any questions
or need any assistance, please call the Sample Management Office.



Afw. *Estimatecr£a^(s) of collection:______________

5. Estimated date(s) and method of shipment; ĝ KJf̂  9V

6. Number of days analysis and data required after laboratory receipt of samples:
__________________________ __ ___________________ 1Q

7. Analytical protocol required (attach copy if other than a protocol currently used in
this program):
1) EPA Method 353.1 (colon metric, automated hydrazine reduction). ______________

' 2) EPA Method 353.2 ( col ori metric, automated cadmium reduction).
3) EPA Method 353.3 (colorimetric. manual cadmium reduction). ____________

For all methods: " '
Samples will be stored at 4*c until analysis and validation of results. Samples will

" be preserved in the field with sulfuric acid (1 ml/1) to pH<2. The analytical working
range shall not exceed 0.1 to 10.0 mg/1 N. ______________________________

For Methods 353.2 or 353.3: If more than one reduction column is used separate _____
calibrations, QA audits, and records are required for each column. The column used
must be identified for each analytical result* _______________________________

8. Special technical instruction (if outside protocol requirements, specify compound
names, CAS numbers, detection limits, etc.):

Analyze the samples within 28 days after
collection. Check the sample pH (wide range pH paper is acceptable). If the pH>2
contact CPHS. CRL for instructions. Use only the methods specified in Item 7. Obtain ___
approval of CPMS, CRL before using any other method.
For Methods 353.2 and 353.3: After checking the pH it Is recommended that the laboratory
check for residual chlorine (or oxidizing reagents) and sulfide using test strips such as
starch iodide and lead acetate papers. Contact CPMS. CRL if these interferences are ____
present; however, the laboratory must remove these interferences prior to analysis.
The laboratory must also minimize interferences due to metals in order to prolong column
life. (See Section 7.1.2 of method 353.3) It is suggested that the laboratory may dilute
samples up to ten-fold prior to analysis (Section 7.4 of Method 353.3) provided that the
final analytical working range does not exceed 0.1 to 10.0 mg/1 ti'.~'
For all methods; Neutralize samples to pH 5-9 (or to phenolphthalein color end-point) ___
prior to analysis. Dilute and reanalize the neutralized samples if the concentrations
exceed that of the highest standard. Use at least five calibration standards (including
a zero standard ). Prepare the lab blank using 1 ml of H2S04/1. Neutralize and analyze
it like a sample.

9. Analytical results required (if known, specify format for data sheets, QA/QC reports,
Chain-of-Custody documentation, etc.). If not completed, format of results will be
left to program discretion:

The test procedure used must be clearly identified. Bench
records tabulating the order of calibration standards, lab control standards, lab blanks,
samples, spikes, duplicates, etc., with resulting absorbances or concentration readouts
will be provided. Worksheets used to calculate results will be included. Any sample
treatment to remove interferences will be documented. The laboratory shall submit photo-
copies of the instrument readout (strip-charts, printer tapes, etc.) All records of
analysis and calculations must be legible and sufficient to recalculate all concentrations.
Results are to be reported as mg N/l.
EPA QC reference samples, or any other reference sample or Initial calibration verification,
will be identified as to source, lot number, and sample number. Corresponding "true" or
target values and associated 955 confidence limits for analysis results will be provided
for all reference samples used.

"*. Other (use additional sheets or^ttach supplementary, information, as needed):
7 7

11. Name of sampling/shipping contact;



5/014G-0-6/87

I. DATA REQUIREMENTS

Parameter;

Nitrate + Nitrite

Note: These are minimum
requirements. Report actual
detection limits used based
on allowable methodology
options.

Analysis of Nitrate 6/29/87

Detection Limit

0.10 mg/1 as N

Precision Desired
t+l or Cone.)

Duplicate results must
be within 10% for con-
centrations >1mg/l
or within O.T mg/1 for
concentrations < lmg/1
Results will be'reported
to the nearest 0.1 mg/1
for cone, less than 1.0
•g/1 and to 2 significant
figures for cone, exceed-
ing 1 mg/l-N.

II. QC REQUIREMENTS - Do not use any designated field blanks for QA audits.

Audits Required

Matrix Spike*

Lab Duplicate

Lab Blank (lml/1 ̂ $04)

Calibration verification
standard

Calibration blank

1 set of EPA Nutrient QC
reference samples-cone.
1 and 2,or EPA F/N03
QC sample, WS series
Cone. 1 and 2

Frequency of Audits

1 per group of 10 or
fewer samples
1 per group of 10 or
fewer samples____
2 per sample set

1 per group_____
of 10 or fewer samples and
at end of run_____
1 per group of 10
samples or less____

1 per sample set____

Limits* (1 or Cone.)

851 - 115%

(10% - or 0.1 0 mg/1)

<0.1 mg/1

90% - 110%______

< 0.1 mg/1

85% - 115%

*Matrix spike concentrations will be 30% or larger, of sample concentrations,
but spiked samples should not exceed working concentration range of standard
curve.

III. ACTION REQUIRED IF LIMITS ARE EXCEEDED:

Take corrective action and reanalyze samples. Contact

'lease return this request to the Sample Management Office as soon as possible to expedite
processing of your request for special analytical services. Should you have any questions
o^ need any assistance, please call the Sample Management Office.



5/018_-0-6/87 /*J^%_ § COD {Hi- and Lo-levels)
- 2 - 6-26-87COP-1

4. Estimated date(s) of collection: -

„. Estimated date(s) and method of shipment: ____ ; ______ d^n^t j?H &£/"/) /Ai" Ct>\jjf)es~3T37 ———— jj— « ——— —— ——
6. Number of days analysis and data required after laboratory receipt of samples:

___________________________ 30

7. Analytical protocol required (attach copy 1f other than a protocol currently used in
this program):

EPA Method 410.1 (Titrimetric, Mid-level) for COD > 50 mg/1 .
ERA Method 410.2 (Titrimetric, Low-level) for COD 7 50 mg/1.

Use Section 7.1 of Method 410.3 if chloride concentration exceeds 2000 mg/1 1n a sample.
If titration blank is necessary for each different amount of mercuric sulfate used for
Inhibition of chloride interference. SAS Packing Lists will note the samples requiring
assessment of chloride interferences. Measurement of chloride will be done using any
method of "Standard Methods", 16th ed., or "EPA Methods for Chemical Analysis of Water and
Wastes", 1983 ed., whenever possible chloride interference is noted.
Samples will be preserved with 1 ml of H?S04 to pH less than 2 and kept at 4°C until
sample analysis and validation of results are completed. Holding time is not to exceed 2i
days from date of sample collection. _______________________________ __

8. Special technical instruction (if outside protocol requirements, specify compound
names, CAS numbers, detection limits, etc.):

1. Check sample pH (wide range pH paper). If pH>2, contact CPMS, CRL for further
____ instructions. _______________________ ____________________

27 Use a) 50 ml sample aliquots for both methods, b) 0.250 N K2Cr2°7 reagent and 0.25 N
____ ferrous ammonium sulfate titrant for Method 410.1, and c) 0.0250 N K?Cr?07 reagent

and 0.025 N ferrous ammonium sulfate titrant for Method 410.2.
3. Dilute and reanalyze (by Method 410.1) any samples with COQ values > 800 mg/1 or ti-

trant volumes < 5.0 ml. Reanalyze samples (by Method 410.1) if initial sample values
____ are > 50 mg/1 COD by Method 410.2. Reanalyze samples (by Method 410.2) if Initial

sample values are <" 50 mg/1 COD by Method 410.1.
4. Any sample aliouots < 50 mis will be diluted to 50 mis so that the COD reaction mix- '

ture w i l l be 50i HgSOA/ SOS water by volume.
5. Titration blanks will be determined, at least 1n duplicate each day of analysis and

will not differ more than + 0.1 ml titrant for Method 410.1 and + 1.0 ml titrant for
Method 410.2. ~ ~

6 Separate sets of QA Audits wiU be performed for each method, if both methods are
used. ______________ ___________ ___________ ___ ______ i__

77 Use potassium hydrogen phthalate as a matrix spike compound. Use 20 mg/1 matrix spike
concentration for Method 410.2. ________________________________ __«_

8. Samples will be refluxed for at least 2 hours.
9. Homogenize sample aliquots, as necessary, to obtain sample aliquots of representative

suspended solids. ••
10. Use only the method specified.



5/018G-0-6/87

I. DATA REQUIREMENTS

Parameter;

COD (Method 410.1)

COD (Method 410.2)

NOTE: These are minimum
requirements. Report
actual detection limits
used based on specified
methodologies.

II. OC REQUIREMENTS

Detection Limit

SO mg/1

5 mg/1

COO (Hi- and Lo-Levels) 6-26-87

Precision Desired
(+1 or Conc.l

Method 410.1; Differences 1n
sample duplicates are to be
< or « to 0.2 ml titrant or
< 8 ing/l ror concentrations
7 80 rog/1 and < 10* for COO
concentrations exceeding
80*9/1.
Method 410.2: bTTTerences 1n
sample duplicate results are t
be £ 1.0 ml titrant or £ 4 mg/
for"concentrations 1ess"than
40 mg/1 and are to be £ 5 mg/1
for concentrations between 40
SO mg/1.

Audits Required

Matrix spike (KHP)
Method 410.1*
Method 410.2(Use 20 mg/1 spike)

Lab duplicate

Frequency of Audits

at least 1 per group of
10 or fewer samples

Titration blank (used for
calculation of results)

1 set of EPA QC Demand
Reference samples -
2 concentration levels

at least 2 per sample

Limits* (I or Cone.)

85 - 1151 Recovery (410.1)
75 - 125% Recovery (410.2)

Diff < ( 8 mg/1 or 101)
V (410.1)

Diff < ( 4 mg/1 - 5 mg/1)
(410.2)

Diff in titrant volumes shall
set for each method used not exceed 0.1 ml for 410.1

1 per sample set for
eacn method used

and 170 ml forTIOTz

90 - llOt Recovery or £ 8 mg/1
error for 410.1 and <~~5 mg/1
error for 410.2 in aTiquot -
tested

* - Matrix spike will be greater than 301 of the sample concentration, but spiked sample
shall not exceed 800 mg/1 for Method 410.1.

III. ACTION REQUIRED IF LIMITS ARE EXCEEDED:

Take corrective action and reanalyze samples. Contact

. .ease return this request to the Sample Management Office as soon as possible to expedite
processing of your request for special analytical services. Should you have any questions
or need any assistance, please call the Sample Management Office.



5/018 -0-6/87 Coo-* COO ( HI- and Lo-Tevels)
6/26/87

9. Analytical results required (1f known, specify format for data sheets, QA/QC reports,
Chaln-of-Custody documentation, etc.)* If not completed, format of results will be
left to program discretion.

Bench records, tabulating titrant standardization, tltratlon
volumes for tltratlon or sample blanks (2 or more 1n number), samples, and QA Audits will
be provided for each method used.All records of analysis and calculations must be
legible and sufficient to recalculate all sample concentrations and QA Audit results.
Records of chloride analysis will be provided for any samples so specified on the RAS/SAS
Traffic Report or SAS Packing List. Separate bench records will be provided for any COD
determinations of high chloride samples (>2000 mg/1 d) Including weight of mercuric
sulfate used, sample tltratlon volume and tltratlon blank volume for each sample type.
ERA QC Reference samples, or any other reference samples, will be identified as to source,
lot number, and sample number. Corresponding "true* or target values and associated___
95* confidence limits for analysis results will be provided for all reference samples
used.

10. Other (use additional sheets or attach supplementary information, as needed):

11. Name of sampling/shipping contact^
Phone: $"7)1 X 2



U.S. ENVIRONMENTAL PROTECTION AGENCY ,——rrri-—-—
CLP Sample Management Office 5A5 Number
P.O. Box SIS • Alexandria, Virginia 22313
Phone: 703/557-2490 - FTS/557-2*90

SPECIAL ANALYTICAL SERVICES
Client Request

I _ I Regional Transmittal ( _ [ Telephone Request

A. EPA Region/Client:

B. RSCC Representative: *UQr\

C. Telephone Number: (3/Z) J53 "27ZO

D. Date of Request:

E. Site Name: |-V\\/W o'
Please provide below description of your request for Special Analytical Services under
the Contract Laboratory Program. In order to most efficiently obtain laboratory
capability for your request, please address the following considerations, if applicable.
Incomplete or erroneous information may result In a delay in the processing of your
request. Please continue response on additional sheets, or attach supplementary
information as needed.

1. Genera] description of analytical service requested: rrY\q\\jSiS O
iei/e-l

a QM5 micros -^\4^-^i^d. ase-ip be

2. Definition and number of work units involved (specify whether whole samples or
fractions; whether organics or inorganics; whether aqueous or soil and sediments;
and whether low, medium or high concentration):

h iXtO/il̂ U Ir^fUJ Q."7- -r

3. Purpose of analysis (specify whether Superfund (enforcement or remedial action),
RCRA, NPDES, etc.): ___________________________________

c-s



Estimated date(s) of collection:

Estimated date(s) and method of shipment: y ]oU

7.

.9.

Number of days analysis and data required after laboratory receipt of samples:
30 __________________________ ^

Analytical protocol required (attach copy if other than a protocol currently used in
this program): _____________________________________

£- 2057-65* M
n ft

S. Special technical instructions (if outside protocol requirements, specify compound
names, CAS numbers, detection limits, etc.):

J/4S, Select-

. .results required (if known, specify format for data sheets, QA/QC
reports, Chain-of -Custody documentation, etc.) If not completed, format of results
will be left to program discretion. I g t e v f r^g/u rf^> eLo * 1 1- c//

10. Other (use additional sheets or attach supplementary information, as needed):

11. Name of sampling/shipping contact: fllarcto.
Phone: ( )

C-6



12. Data Requirements
Precision Desired

____Parameter____ Detection Limit £% or Concentration)
de~ o.io "*i IL~ -±. ipv.

13. QC Requirements
Limits

Audits Required Frequency of Audits (Percent or Concentration)
'/u fa- least < O

daily Ca-t least &*~-ur'/. /"e.̂ VcVwy™' (s—y v '——h——N ——————'————zjI-df Z£> s^k )
\QSar*0les G5~-H5"/- feco
10 Sarr*9ltJ ^ tO '/•

14. Action Required if Limits are Exceeded

Please return this request to the Sample Management Office as soon as possible to
expedite processing of your request for special analytical services. Should you have any
questions or need any assistance, please contact /our Regional representative at the
Sample Management Office.



t .1

Anions, ion-exchange chromatographic, automated

Parameter
Bromide (mg/L as Br)
Chloride (mg/L as Cl)
Fluoride (mg/L as F)
Nitrate (mg/L as N)

Parameters and Codes:
Anions, dissolved, 1-2057-85 (see below)

Parameter
Nitrite (mg/L as N)
Orthophosphate (mg/L as P)
Sulfate (mg/L as SOJ

Code
00613
00671
00945

1. Application
1.1 This method may be used only for the

determination of dissolved bromide, chloride,
fluoride, nitrate, nitrite, Orthophosphate, and
sulfate in natural water. Table 11 shows approx-
imate lower and upper concentration limit* Ac-
tual limits depend on many factors including
the column age, which affects column resolu-
tion, the relative concentrations of closely
eluting species, and the volume of the sample
injected. Samples containing anion concentra-
tions high enough to overload the column resins
or interfere with closely eluting species need to
be diluted or a sample loop smaller than the
200-jiL sample loop specified in this method
needs to be used. Sample dilution or use of
smaller volumes will change the detection limits
for all anions.

1.2 Analyses must be performed on filtered
and unacidified samples.

1.3 The ion chromatographic (1C) technol-
ogy is so new that instruments and associated
data-processing equipment and software
available on the commercial market are not
standardized and operating conditions vary
enormously. Until operating conditions of
various manufacturers' instruments become
more comparable and the equivalency of
methods using those instruments is established
by extensive testing, the 1C method approved
for U.S. Geological Survey use will specify
instrument and associated software brands.
This does not imply endorsement of one prod-
uct over another, but rather, acknowledges

Table 11.—Working ranges of anions by Ion
chromatography

Minimum Maximum
concentration' concentration

Constituent

Fluoride
Chloride
Nitrite-nitrogen
Orthophosphate-phosphorus
Bromide
Nitrate-Nitrogen
Sulfate

<mo/U

0.01
.20
.02
.06
.10
.05
30

(mayu
50
50
70
40

150
150
100

1Wt1h • larger umpt* loop (for tumpto, (00 »U minimum concentra-
tion level* can be lowered.

that 1C technology is rapidly changing and
developing.

2. Summary of method
2.1 A sample is injected into an ion

chromatograph and is pumped through three
different ion-exchange columns into a specific-
conductivity detector. The first two columns,
a precolumn and separator column, are packed
with low-capacity anion exchanger. Ions are
separated based on their affinity for the ex-
change sites of the resin. The last column is a
suppressor column that contains cation-
exchange resin in the hydrogen form. The sup-
pressor column reduces the background conduc-
tivity of the eluent to a low or negligible level
and converts the anions in the sample into their
corresponding acids. The separated anions in
their acid form are measured using an electrical-
conductivity cell. Anions are identified based

523



524 TECHNIQUES OF WATER-RESOURCES INVESTIGATIONS

on their retention times compared with known
standards. Quantitation is accomplished by
measuring the peak height or area and by com-
paring it with an analytical curve generated from
known standards.

2.2 During analysis, the suppressor column
will slowly be exhausted and, therefore, will need
to be regenerated. Other suppressors, such as the
hollow-fiber suppressor, which is continuously
regenerated, may be used.

2.3 For additional information on ion
chromatography, see Small and others (1975) and
Fishman and Pyen (1979).

3. Interferences
3.1 Because bromide and nitrate elute very

closely together, they potentially interfere with
each other. Bromide-to-nitrate ratios should not
exceed 1:10 or 10:1 if both ions are to be quan-
titated

3.2 High levels of organic acids may be pres-
ent in industrial and domestic wastes which may
interfere with inorganic-anion analysis. Two com-
mon species, formate and acetate, elute between
fluoride and chloride

3.3 Water from the sample injection will
cause a negative peak or dip in the chromato-
gram when it elutes, because its conductivity is
less than that of the suppressed eluent This dip
usually occurs between F'1 and CH. Any peak
of interest eluting near the water dip must be suf-
ficiently resolved from the dip to be accurately
quantitated. A method of eliminating the con-
ductivity drop due to bicarbonate and carbonate
is to introduce into the sample concentrations of
bicarbonate and carbonate that closely approx-
imate those of the eluent used for analysis. Ad-
justment of the sample background may be
accomplished in two ways.

3.3.1 Dilute the sample with eluent if sample
dilution is required prior to analysis.

3.3.2 A volume of 1.0 mL of a prepared eluent
concentrate (a solution that is 100 times more
concentrated than the eluent with respect to
bicarbonate and carbonate ions) can be added per
100.0 mL of sample CAUTION: Samples pre-
pared in this manner have a pH of about 10 and
will readily absorb carbon dioxide if left exposed
to the atmosphere. The result will cause a
positive-peak interference

3.3.3 Standard solutions need to be prepared in
the same manner as the samples. It is important

to prepare a blank using demineralized water at
eluent strength in bicarbonate and carbonate to
indicate any interferences that may have been in-
troduced by the sample-preparation technique

3.4 Samples containing high concentrations
of chloride or other anions may prevent resolu-
tion of closely eluting peaks. For example, the
peak for 0.1 mg of bromide per liter in the
presence of greater than 1,000 mg of chloride per
liter is swamped by the chloride peak. Bromide
begins to elute before the chloride peak complete-
ly returns to the baseline

3.5 Unexpected, late-eluting peaks are a
potential source of interference. A peak eluting
about two minutes after sulfate, believed to be
oxalate, has been observed in some precipitation
samples.

4. Apparatus
4.1 Ion Chromatograph, Dionex Model 12;

auto-sampler, Gilson; integrator (NOTE 1), Spec-
tra Physics using the following operating con-
ditions:

Sample loop ————— 200 iiL
Eluent flow rate ——— 138 mL/h (30

percent of full
capacity)

Sample pump flow rate 50 percent of
full capacity

Specific conductance
meter settings —— 10, 30, or 100 itS

NOTE 1. A dual pen recorder (1 V and 100 mV)
may replace an integrator. The recorder should
be capable of full-scale response in two seconds
or less. A typical chart speed is 0.5 rmftrmv

4.1.1 Precolumn, 4 X 50-mm, fast-run, anion-
resin column (Dionex HN 030831 or equivalent)
placed before the separator column to protect the
separator column from contamination by par-
ticulates or species strongly retained by the ion-
exchange resin,

4.1.2 Separator column, 4 X 250-mm, fast-
run, anion-separator column packed with low-
capacity, p^ni"'1fiy «T»nTH»Trh•i^ga main (DiODCX
FN 030830 or equivalent) that is styrene
divinylbenzene-based. This is suitable for resolv-
ing fluoride, chloride, nitrite, orthophosphate,
bromide, nitrate, and sulfate

4.1.3 Suppressor column, 6 X 250-mm,
column-packed, with a high-capacity, column- ex-
change resin (Dowex 50W-X 16-H form resin or
equivalent) that is capable of converting the



METHODS FOR DETERMINATION OF INORGANIC SUBSTANCES 525

eluent and separated anions to their respective
acid forms.

4.2 For additional information, refer to the
different manufacturers' instruction manuals.

5. Reagents
5.1 Eluent, 0.003 M sodium bicarbonate-

0.0024 M sodium carbonate: Dissolve 0.2520 g
NaHCO3 and 0.2544 g NajCOg in demineralized
water and dilute to 1 L (NOTE 2).
NOTE 2: Eluent concentration may be varied
slightly to obtain the same retention times for
each anion when a new separator column is used
The NaHCO3 is subject to thermal decomposi-
tion and must be weighed without prior drying.

5.2 Suppressor regeneration solution, IN
H2S04: Cautiously add 111 mL concentrated
H2SO4 (sp gr 1.84) to approz 600 mL deminer-
alized water. Cool and dilute to 4 L with demin-
eralized water.

5.3 Standard anion solutions: Dry all salts
for 1 h at 105°C unless otherwise specified.
Store each standard solution in TFE-fluor-
ocarbon bottles.

5.3.1 Bromide standard solution, 1.00 mL —
1.00 mg Br: Dissolve 1.2877 g NaBr in demin-
eralized water and dilute to 1,000 mL.

5.3.2 Chloride standard solution, 1.00 mL =
1.00 mg Cl: Dissolve 1.6484 g NaCl in deminer-
alized water and dilute to 1,000 mL.

5.3.3 Fluoride standard solution, 1.00 mL —
1.00 mg F: Dissolve 2.2101 g NaF in deminer-
alized water and dilute to 1,000 mL.

5.3.4 Nitrate-nitrogen standard solution, 1.00
mL = 1.00 mg NOs-N: Dissolve 6.0681 g
NaNO3 in deminerattzed water and dilute to
1,000 mL.

5.3.5 Nitrite-nitrogen standard solution, 1.00
mL = 1.00 mg NO2-N: Dissolve 4.9259 g
NaNO2 in demineralized water and dilute to
1,000 mL.

5.3.6 Phosphorus standard solution, 1.00
mL = 1.00 mg P: Dissolve 4.3936 g anhydrous
KH2PO4 in demineralized water and dilute to
1,000 mL.

5.3.7 Sulfate standard solution, 1.00 mL =
1.00 mg S04: Dissolve 1.8140 g K2SO4 in de-
mineralized water and dilute to 1,000 mL.

5.4 Mixed stock solution: Prepare 1,000 mL
mixed stock solution by appropriate quan-
titative dilution of each standard solution
(NOTES 3 and 4).

(ml)

F
CI
NO.-NPO;-P
Br
NO.-N
SO/

5.00
50.0
5.0
5.0
6.0

60.0
60.0

5
60

5
55
5

60
60

NOTE 3. If nitrite is omitted from the mixed
stock solution, the solution is stable for at least
1 month when stored and refrigerated in a clean
TFE-fiuorocarbon bottle. If nitrite is included in
the mixed-stock solution, the solution needs to
be prepared fresh daily.
NOTE 4. The above is only an example of a
mixed-stock solution. Other appropriate concen-
trations can be prepared.

5.5 Mixed standard solutions: Prepare at
least three mixed standard solutions by ap-
propriate dilution of the mixed stock solution.
The solutions should bracket the concentration
range of interest

6. Procedure
6.1 Set up the ion chromatograph according

to the operating parameters described in 4.1.
Equilibrate the columns with eluent until a
stable baseline is obtained. Allow approximate-
ly 30 min for equilibration.

6.2 Set the full-scale conductivity to 10, 30,
or 100 fiS as is appropriate for the expected
sample-anion concentrations. The higher settings
are required for higher sample-anion concen-
trations.

6.3 Level the integrator at 10 mV (a display
of 1000 with no signal). Adjust the ion
chromatograph's offset to approximately 11 mV
(a display of 1100). This ensures that the ion
chromatograph's signal will not fall below 10 mV
during the course of the analyses. The baseline
signal tends to drift in a negative direction over
a long period of time. Each chromatogram can
be started at a signal level of 10 mV using the
integrator's automatic-zero control

6.4 Enter an appropriate program into the
main program controller of the ion chromato-
graph according to the manufacturer's instruc-
tion manual The system is configured so that
the ion chromatograph controls the autosampler
and starts the integrator at the beginning of each
sample injection (NOTE 5).
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NOTE 5. For additional information on compu-
terized data reduction, see Hedley and Fishman
(1982).

6.5 Place the mixed standard solutions in the
first positions of the sample tray followed by a
standard reference material and then the sam-
ples. Place a standard reference material in every
twentieth position of the remainder of the sam-
ple tray.

6.6 Create an information file in the in-
tegrator by pressing the DIALOG key. Through
this information file, various integrator functions
can be enabled or disabled during the recording
of a chromatogram. The only necessary function
is ER (end run). It terminates the chromatogram
at the appropriate time as determined by the
operator's setting of the ion chromatograph's
controller, which actuates the sampler and causes
the injection of a new sample.

6.7 Press the integrator's FT EVAL key be-
fore starting a series of analyses. The integrator
will take about 50 s to store the baseline signal
so that a peak rjn be rfiatmgtifahoH from baseline
noise. The baseline noise can be evaluated before
each chromatogram, using the integrator's ET
function.

6.8 Set the ion chromatograph's PGMAUTO/
MANUAL switch from MANUAL to AUTO and
press Start/Step to begin the analyses.

7. Calculation
7.1 The integrator automatically computes

the concentration of each anion in each sample
by comparing its peak height or area to the
analytical curve. Retention times for the seven
anions are given in table 12.

8. Report
8.1 Report bromide (71870), chloride (00940),

fluoride (00950). nitrate-nitrogen (00618), nitrite-
nitrogen (00613), orthophosphate-phosphorus
(00660), and sulfate (00945), dissolved, concentra-
tions as follows: less than 1 mg/L, nearest 0.01
mg/L; 1 mg/L and above, two •ip'"*'™"'1' figures.

9. Precision
9.1 Analysis of a number of test samples 10

times each by one operator resulted in mean
values, standard deviations, and percent relative
standard deviations as shown in table 13.

Table 12.— Approximate retention times of anions by ion
chromatography

CmWutnt (mini

Fluoride
Chloride
Nitrate-nitrogen
Orthophosphate-pnosphorus
Bromide
Nitrate-nitrogen
Sulfate

22
13
4.0
4.9
6.5
7.5
8.6

Table 13.— Precision for Ion chromatographic determination
of anions

CofHtltmnt tmpfL) (mflrtj (p«n>»nl|

Bromide 0.295 0.020 6.8
Chloride .72 M 5.6
Do. 1.71 .06 3.5
Da 2,72 .24 8£
Da 5*4 .19 3̂
Da 9.90 .39 3.9
Da 58.6 .7 1.2
Da 119 1.2 1.0
Fluoride .018 .004 22̂
Do .080 .010 12£
Do .79 .02 2£
Do SO. O\ 1.1
Da 2.02 .15 7.4
Nitrate-nitrogen .12 .01 &3
Do .42 .051 1.9
Do .70 j081 1.4
Da 1.27 .05 3.9
Da 5̂ 6 .14 2.7
Nitrite-nitrogen .03 .01 33.3
Orthophosphate-phosphorus 273 .010 3.7
Sulfate 168 J05 3.0
Da 348 .10 Z6
Da 15.1 £0 53
Da 62.1 S 1.4
Da 100 1.4 1.4
Da 146 3 2.0
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U.S. Environmental Protection Agency ^^
CLP Sample Management Office

, 0. Box 818, Alexandria, Virginia 22313
KHONE: (703)7557-2490 or FTS/557-2490

SAS Number

SPECIAL ANALYTICAL SERVICES
Client Request

|
Y> I Regional Transmittal
/N j

A. EPA Region/Client: y/
•

B. RSCC Representative:

Telephone Request

C. Telephone Number: (312) 353-?7?Q

D. Date of Request: __________

E. Site Name: mivv.om

Please provide below a description of your request for Special Analytical Services under
the Contract Laboratory Program. In order to most efficiently obtain laboratory capability fo

our request, please address the following considerations, if applicable. Incomplete or
erroneous information may result in delay in the processing of your request. Please continue
response on additional sheets, or attach supplementary information as needed.

1. General description of analytical service requested: Analysis of drinking

residential wells for volatiles. sg^i'-volatiles. and ppgt-»>-Mpg/prqg with low

ouantitation limits.

2. Definition and number of work units Involved (specify whether whole samples or
fractions; whether organ* cs or Inorganics; whether aqueous or soil and sediments;
and whether low, medium, or high concentration):

-VoA

3. Purpose of analysis (specify whether Superfund (Remedial or Enforcement), RCRA,
NPDES, etc.):

Qjur*ed]<jJi



- 2 -

Estimated date(s) of collection:

5. Estimated date(s) and method of shipment:

6. Number of days analysis and data required after laboratory receipt of samples:
t

7 days for analysis. Final report and data due within 15 davs..

7. Analytical protocol required (attach copy If other than a protocol currently used in
this program):

CLP SOW for Organic Analysis (Multi-Media. Multi -concent i il inn

Special technical instruction (if outside protocol requirements, specify compound
names, CAS numbers, detection limits, etc.):

1. Modifications to the CLP Organic SOW w&f in Attachment I.

__2.. Required low level quantisation limits in Attachment II.

9. Analytical results required (if known, specify format for data sheets, QA/QC reports,
Chain-of-Custody documentation, etc.)* If not completed, format of results will be
left to program discretion.

As per CLP Organics SOW £-8? with modifications as outlined in Attachment I._______

10. Other (use additional sheets or attach supplementary Information, as needed):

11. Name of sampling/siv'ro.ng contact:_

Phone:



I. DATA REQUIREMENTS

3.

Parameter:

attachment TI

Detection Limit

attarhmont TT

Precision Desired
(+X,or Cone.)

II. QC REQUIREMENTS

Audits Required Frequency of Audits
ST

Limits* (I or Cone.)

As per CLP Organic SOW &R As per CLP Organic SOW Cp? Exceptions to CLP Organic
SOW : See attachment I.

XII. ACTION REQUIRED IF LIMITS ARE EXCEEDED:

Qnd

'lease return this request to the S:-
•rnroceinn n^ wni:" -sniioc^ ff>p 530---

-. Management Office as soon as possible
islvtical servl-.ti. Should you have a:

- expedite
:uesf:ons



ATTACHMENT 1 (page 1 of 2)
MODIFICATIONS TO THE CLP ORGANICS SOW 8/87
FOR THE REGION V RESIDENTIAL VELL SAS

1. Special Technical Instructions.
Volatile Analysis
a) Sample volume is increased from 5 •! to 20 or 25 ml to achieve

lower detection limits. Lab Bust use the sane volume of sample that
is used for the MDL study. *

b) Acrolein and acrylonitrile are additional target
compounds. These compounds w i l l be added to both initial
and continuing calibration mixes. Acrolein and
acrylonitrile w i l l use broaochloromethane as internal
standard. The primary and secondary quantitation ions to
be used for these compounds are:

Compound Primary Ion Secondary lon(s)
Acrolein 56 55
Acrylonitrile 53 52

c) Initial calibration: Five point initial calibration - 5,
10, 20, 40 and 60 ug/L for all compounds except for
acrolein and acrylonitrile, which should be analyzed at
25,50,75,100 and 125 ug/L.

d) Continuing calibration: Performed at 20 ug/L for all
compounds except acrolein and acrylonitrile, which should
be analyzed at 50 ug/L.

e) Surrogate standards: SOU standards spiked at 20 ppb.
f) Matrix spike/matrix spike duplicate: Matrix spike

compounds at 20 ppb.

Semivolatiles Analysis
a) Extraction/bIoudoun: Extract the entire one liter bottle, rinsing

the cap & bottle and add to sample. Final blowdown volume may
be decreased to 0.5 ml to achieve required detection
limits.

b) Initial Calibration: Five points at 5,10,20,50, and 100
total nanograms except for benzole acid, 2,4-
dinitrophenol, 2,4,5-trichlorophenol, all three
nitroaniline isomers, 4-nitrophenol, 4,6-dinitro-2-
methy 1 phenol and pentachlorophenol which should be
analyzed at 20,50,80,100 and 120 total nanograms.
The laboratory should notify the Region if this calibration range
is not possible.

c) Continuing calibration: 20 total nanograms except for
benzoic acic, 2,4-dinitrophenol, 2,4,5-trichlorophenol,
all three nitroaniline isomers, 4-nitrophenol, 4,6-
dinitro-2-methylphenoI and pentachlorophenol
which should be analyzed at SO total nanograms.

d) Surrogate standards: SOU standards spiked as 20ppb
for base-neutral standards and 40ppb for the acid
standards.

•) Matrix spike/matrix spike duplicate: Matrix spike
compounds as per the SOU spiked at 20ppb for base-



neutrals and AOppb for tht acids.

ATTACHMENT 1 (page 2 of 2)

Pesticides/PCBs Analysis
a) Extraction/blowdown: Extract the entire one liter bottle; rinse

cap i bottle and add to saaple. Final blowdown voluae
aay be decreased up to O.SmL to achieve required detection
liaits.

b) Surrogate standard: Spiked at 0.2 ppb.
c) Matrix spike/aatrix spike duplicate: SOU Matrix spike

compounds spiked at 1/5 the SOU concentration.
2. Analytical Results Required.

a. Quantitation Linits: Organic Analysis Data Sheets, Form 1
will reflect method detection liaits experimentally
determined and verified previously by the contractor,

b. Additional volatile parameters: Results will Include
all data for acrolein/acrylonitrile analogous to the
other volatile target compounds in the SOU. Fora Is may
be appended to include these parameters.

c. Dilutions: The contractor w i l l request permission of the
Region to dilute any sample exceeding the initial
calibration range for any parameter. Diluted and undiluted
sample data w i l l be included in the results as per the
SOW.

3. QC Requirements:
a. Initial Calibration (Volatiles/Semivolatiles):

SPCC criteria apply.
The %RSD for the RFs for all compounds Bust be <. 35X.
The RFs for all other (nan SPCC) compounds Bust be >, 0.05.

b. Continuing Calibration:
SPCC criteria apply.
The XO for the RFs for all compounds must be <. 25%.
The RFs for all other (non SPCC) compounds Bust be >. 0.05.

e. Matrix Spike/ Matrix Spike Duplicates:
SOU criteria apply for XR and XRPDs.

d. Surrogates:
Sow criteria apply for XR and corrective action.

e. Blanks:
Sow criteria apply, however, the calculated MDLs Bust be used
instead of RAS CRQLs.
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t»LL UNITS BRE «ICRCGRflmS/LI7E3>

CAS

ANALYTE

CHuORGwETrifiNE
D 1 5 RC«CCHL.2RCn£THftN£
1, t-DIZ:-ii_3RCETHBNE
1, 2-DIChU.2RCETH.CNE
1. l-DICHl_2RC£~H£NE
total -I.2-DICHLORCETHENE
1, E-DICHLORCPRCPfiNE
cis-l, 3-DICHU.3PRQPROPENE
tT-*ns-:. S-DICHU3RCPRCPENE
ETHYL BENZENE
METnYLENE O-LCRIDE <*)
1. I.e. S-TETSPCHLORCETHfiNE
TETnfiCHL.2ROET.TENE • .
TOLUENE <•»)
1, I, l-TRICHL232£THfiNE
1, :.2-TR:c:-L2SCETHPNE
TR:CHL3RCETr-£N£
VINYL CHLORISE
ACRCLEIN -
BCSTQNE <»)
ACSYLONITRILE

DISUL.-:DE <
VINYL BCETflTE
A-«ETHYL-£-PENTBNONE
£-HEXftNCNE
STYRENE
m-XYL£NE **
O-XYUENE *••
P-XYLENE »*

OUANTITATION LIMIT
71-43-2
75-27--
75-25-2
74.33-9
5S-22-5

106-50-7
75-00-3

67— 55-3
74-97-3

124—43-1
75-34-3

107-O6-2
75-35-4

•
76-37-5

10061-01-5
10061-O2-5

100-41-4
75-05-2
73-3^-5

127-13-4.-
ioe-as-3
71-55—5
79— OO-5
7S-O1-5
75-O1 -4

107-02-3
67-64-1

107-13-1
75-15-iJ
76-93-3

108-OS-4
108-10-1
519-76-6
10O-42-5
106-36-3

1.5
1.5
1.5
1.5
1.5
1.5
1.5

1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
&
1
1.5
1
1.5
1.5
1.5
1.5
1.5
1.5
1.5
a5
'5
3
5• s

1.5
5
^ . _}

COmmCN LAeCRBTQRY SOLVENT
BLANK LIMIT is 5* METHOD DETECTION LIMIT

«-» THE o-X'YLZNS BND D-XYLENE BRE REPORTED BS B TQTBL OF THE <&?

"Rev.
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ATTACHMENT II
<ftLL UNITS ARE

3 of 4

CAS •

ANALYTE
FLJCRENE

— ZHLDRC
: ETHYL

P-ENYL P^ENYL

PHENCNTHfiENE
ONTi-iR SCENE
DI-n-5UTYL P>-TrifiLfiTE
FLUCRCNThENE
PYRENE
BUTYL BENZYL PHTHaLS
CHRYSENE *••»
BENZS<a)CNTi-i?.SCENE
BI£(2-ETHYL:-E:<YL> PH
DI-n-OCTYL P-THSL.OTE
BENZ3 O) r_-jCr^NTHENE
EENZ3<k) ~L_'CS«NTriENE
BENZ3(a) ?Y=E.N£
INDENC (.1,2. 2-cs) PYRENE

B E N Z O < s . h .

QUANTITATION LIMIT
86-72-7

iOO-Oe-7
7005-7e-2

8--55-E
S3— Si-1
eS-3-:-5

iei-Ir--
ioo-o:-£
101-55-3
118-74-1
87-36-5
85-01-3

120-12-7gA_7*-2
£06-*~-O
129-OO-0
85-SS-7

eie-oi-9
55-55-3

117-31-7
117-5^-0
£05-39-=:
£07-06-9
50-3£-3

193-33-5
52-70-3

19l-£<— 2
aa— 7*— *

1
1.5
1
1

(15)

1.5
2
1.5
1.5
£
1
£.5
2
1.5
1.5
2. 5

1.5
1
1.5

1.5
£
2.5
£.5
4
1

* THESE TUC
»» THESE TwC PO^amETESS PRs
»** THESE T-C PflSfimETESS ftRS

REPORTED AS O TOTAL
REPORTED AS A TOTAL
REPORTED AS A TOTAL

VALUES IN PCRENTHE5E3 ARE ESTIMATES.
DETERMINED AT THIS TIME.

ACTUAL VALUES ARE BEING

Rev.



Targat Compound Litt (TCP and
Contract Inquired Quantitation Lialta (CTQD*

Quantitatlon Limitt**

Festlcides/PCBs

•Ipha-BHC
b«ta-BHC
delta-BHC . •
KKama-BHC (Lindane)
Bcpcachlor

Aldrin
Bcpcachlor cp oxide
Endosulfan I
Dieldrln
4, 4 '-DDE

Endrln
Endosulfan II
4.4'-DDD
Endosulfan sulfate
4,4'-DDT

Methoxychlor
Endrin ketone
alpha-Chl ordane
gamma -Chl ordane
Toxaphene

Aroclor-1016
Aroclor-1221
Aroclor-1232
Aroclor-1242
Aroelor-1248

Aroclor-1254
Aroclor-1260

CAS Nuaber

319-84-6
319-85-7
319-86-8
58-89-9
76-44-8

309-00-2
1024-57-3
959-98-8
60-57-1
72-55-9

72-20-8
33213-65-9

72-54-8
1031-07-8

50-29-3

72-43-5
53494-70-5
5103-71-9
5103-74-2
8001-35-2

12674-11-2
11104-28-2
11141-16-5
53469-21-9
J2672-29-6

11097-69-1
11096-82-5

Water
uf/L

o.oio
0.005
0.005o,oo§
0,030
0.005
O.005
0,01 OO.oiQ.0.005
0,010o.oio
0.02O
O. '0

0,0^0
0-030
0,02,0
O-ib
o. '°o • '^o.io
0,10
0,|0
o.io
o-io



5/030__-4-5/87 . Drinking Water (Inorganics)

M.S. Environmental Protection Agency
,LP Sample Management Office
P. 0. Box 818, Alexandria, Virginia 22313
PHONE: (703)/557-2490 or FTS/557-2490

SAS Numoer

._ . . . . . . Approved for Scheduling
Approved For Scneduurg SPECIAL ANALYTICAL SERVICES

Client Request
V

Regional Transmlttal Telephone Request

A. EPA Region/Client: '

B. RSCC Representative: Jort

C. Telephone Number: (312) 363" 1 ~r 2.O

0. Date of Request: _______________

E. Site Name: r -vvACS >\JnU2} ;

Please provide below a description of your request for Special Analytical Services under
•he Contract Laboratory Program. In order to most efficiently obtain -laboratory capability for

your request, please address the following considerations, If applicable. Incomplete or
erroneous Information may result 1n delay 1n the processing of your request. Please continue
response on additional sheets, or attach supplementary Information as needed.

1. General description of analytical service requested: Analysis of Drinking Water_____

and/or residential well water for metals and cyanide using detection limits lower than

yofc.toio7.yy (See Attachment II) Six elements are to be determined by 6FAA using the method of

standard additions. 6FAA analysis of samples free of particulates may be conducted on the

''undigested samp! el"~ * ̂ '--vj . . . . . . .
._. - • . - - • . ; * . • '-i-f- .•—.-.-*-—• . •••• • • • • • • . —' •

2. Definition and number of work units Involved (specify whether whole samples or
fractions; whether organlcs or Inorganics;, whether aqueous or soil and sediments; ,
and whether low, medium, or high concentration): ---'*

3. Purpose of analysis (specify whether Superfund (Remedial or Enforcement), RCRA,
NPOES, etc.):

-fier. 4.0



5/030_-4-5/87 - 2 - Drinking Water (Inorganics)

Estimated date(s) of collection:

5. Estimated date(s) and method of shipment; /^fl/'l^ i?W Ovf£/ntfht~
' J ^/ J

6. Number of days analysis and data required after laboratory receipt of samples:

7 ^AUC
7. Analytical protocol required (attach copy 1f other than a protocol currently used 1n

this program): Inorganic analysis as per SOU 785, IFB HA-85-J838, with the exceptions

listed 1n Attachments II & III. ICP emission spectroscopy, mercury, and cyanide analyses

follow the SOW mentioned above for sample preparation and analysis protocol with the___

Instrument detection limits and Matrix spike levels given 1n Attachment II and the QC
audits as described In Attachment I I I .6FAA analyses may be run undigested 1f the sample:
are free of participates. If participates are present the samples are to be digested as
per SOW mentioned a b o v e . T h e ICP digest 1s to be used for Sb analyses, 1f digestion 1s
required. A detailed set of Instructions for conducting the 6FAA analyses are Included
1n Attachment III. Special Instrument detection limits and matrix splice levels are
listed on Attachment II.

8. Special technical Instruction (1f outside protocol requirements, specify compound
names, CAS numbers, detection limits, etc.); 1) Check the pH of each sample (wide range
pH paper 1s acceptable). If the pH values are outside of the specified limits of
SOW785, contact Region V for Instructions._____ _________;_______________
2) Instrument Detection limits(IDL) of Attachment II are to be met prior to any sample
analysis. 3) Spike Ca, Mg, Na and K and all other parameters as per Attachment II.
Yhe Spikes for these four analytes shall be to a separate aliquot unless documentation 1s
provided that no contamination results for the other analytes.__________________

The 6FAA protocol 1s specified 1n Attachment III. The frequency and limits of certain
audits are changed from that given 1n SOW 785 for all analyses as per Attachment III.

9. Analytical results required (1f known, specify format for data sheets, QA/QC reports,
Chaln-of-Custody documentation, etc.). If not completed, format of results will be
left to program discretion.

All of the dellverables Included 1n SOW785 are required. Also, provide current quarterly
XI, XII, XIII for each case. Submit Form VIII separate for each separate parameter
analyzed by KSA. Form VIII must be modified to Include the slope of each addition as well

' as the correlation coefficient. Use footnotes on Form I for reporting results, except
se IDL of Attachment II for detection limit. fltA^f <-H**4<rt£ o/v FoJ^ G,tT-vfT. *"-«

10. Other (use additional sheets or attach supplementary Information, as needed):

11. Name of sampling/shipping contact:

Phone: 4-14—45^-^7)1
Please return this request to the Sample Management Office as soon as possible to expedite
processing of your request for special analytical services. Should you have any questions
or need any assistance please call the Sample Management Office.



5/030S-4-5/87 3. Drinking Water (Inorganics)

I. DATA REQUIREMENTS -

Parameter:

ICP Metals

Furnace Metals

Detection Limit

See-Attachment II

Precision Desired
(+S or Cone.)

10* RPP Of
Differences < SAS IOL
ef » Attachment II

Mercury, Cyanide

II. QC REQUIREMENTS

Audits Required

For ICP -AES. Hg. and CN

6FAA (undigested) As,Cd.
Pb

AA (undlo
.Sb.Se.TI

6FAA (digested) As.Cd.Pb.
Sb.Se.TI

See Attachment II as per SOW 785

Frequency of Audits Limits* (I or Cone.)

See 9.A of Attachment III

See 9.B of Attachment III

See 9.C of Attachment III

III.. ACTION REQUIRED IF LIMITS ARE EXCEEDED;

Take corrective action and repeat analysis. ct"

Rev. «4rf 5",0



5/030A-4-5/87

ATTACHMENT. II

Instrument Detection Limit and Spiking Level for Drinking Water

Compound

Metal:
1. Aluminum
2. Antimony z

3. Arsenic
4. Barium
5. Beryllium
6. Cadmium ?
7. Calcium 3

8. Chromium
9. Cobalt
10. Copper
11. Iron „

\ Lead 2
13. Magnesium 3

14. Manganese
15. Mercury
16. Nickel
17. Potassium 3

18. Selenium
19. Silver
20. Sodium 3
21. Thal l ium
22. Vanadium
23. 21nc
24. Cyanide

Required Instrument
Detection Limit* ug/L
GFAA

5
5

0.5

2

2

2
•

ICP Oth

100

50
5

1000
10
10
10
100

1000
10 1
20

2000

5
1000

10
20

Required Matrix Spike
Concentrations uq/L

0.2

10

GFAA

20
20

2

20 •

10

20

ICP Other

2000
500

2000
50
50

50,000
200
500
250
1000
500

25,000
200

1.0
400

20,000

' 50
50,000

500
200

100

Instrument Detection Limits (IDL) Bust be met before any samples artf'analyzed. The Lab nay
submit their quarterly Form XI with each case 1f all IDLs met the detection limits. I'f

~ """" "
ICP analysis results may only be reported for Sb, Cd and Pb, 1f the concentration 1s
> 10 times the IDL of instrument used. If ICP results are reported, all ICP audits are
Required Including matrix spike.

Report Ca, Mg. Na and K on separate Form V for Matrix Spike 1f a separate aliquot 1s
used for this spike.



5/030A-4-5/87 . (Page 1 of 3)"

ATTACHMENT III

Special Instructions for GFAA and QC requirements for all analyses.

1. Sample allquots are preserved 1n the field as follows:

a) One liter preserved with 5ml/I of 501 HN03 to pH<2 for all metals
(excluding Kg).

b) -One liter sample preserved with 0.51 HN03 Y/V and 0.05% K2Cr2°7 w^
for Mercury.

c) One liter of sample preserved with 5ml/1 of 6N NaOH to pH > 12 for
cyanide determination. *

2. Analysis of the six metals (specified In Attachment II) by graphite
furnace atomic absorption (GFAA) must use the method of standard additions for
quantltatlon.

3. All of the samples for GFAA metals can be analyzed without digestion 1f the
samples are clean and without any partlculates. In this case, a calibration
blank, duplicate, ICVS, and CCVS shall be analyzed without digestion, its C£.\/ /,
o«~f./e«.*^~>, f>~u*>,;»i-4 fo ,s—>-7i» **-rf **»!•/ e*^ •*

4. If any of the samples contain partlculate or significant suspended solIds,
sample allquots, preparation blank, duplicate, matrix spikes and lab
control samples are to be digested per page D-2 of SOW785. The samples
digested for ICP analysis are to be used for antimony determination.

5. No Identified field blank may be used as a laboratory duplicate or matrix
spike sample

Rev.T7TT\5".0



(Page 2 of 3)
5/030A-4-5/87

ATTACHMEKT III

6.1 Zeeman, Smith/Hieftje background correction or equivalent (not 02) 1s required
for Arsenic, Selenium and Antimony or any element with structured background
Interferences.

6.2 The matrix modifiers of SOU785 are mandatory for As 1 Se.

6.3 L'vov platform 1s allowed.

6.4 Any matrix modlfers for Sb, Cd, Pb and Tl must be approved by the Region V
Central Regional Laboratory's Contract Project Management Section prior to
use and documented with the raw data.

6.5 Each sample or QC audit 1s to be determined by the MSA using the sample or QC
audit and then three consecutive spikes.

6.6 Each calibration blank and QC audit solution must contain the same nitric
add concentration as the sample (or diluted samples). All solutions analyzed
must have their matrix concentrations fully documented 1n the raw data.

6.7 Each analytical determination must have the resulting absorbance clearly
recorded and documented 1n the order of determined.

8 The data for each MSA determination must show; slope (signal/cone.),
Intercept and correlation coefflcent (r). The results must be reported
on Form VIII for all samples and QC audits 1n order of analysis. Form
VIII must be modified to Include the above mentioned slope.

6.9 Samples and QC audits will be tested 1n the following order for the method of
standard addition quantltatlon.

a) calibration blank and + 3 spikes
b) ICVS (provided by EMSL-LV) +3 spikes
e) 5 samples, each with 3 spikes
d) calibration blank + 3 spikes
e) CCVS * 3 spikes
f) succeeding sets of 5 samples, cal. blank, and CCVS.

7. Report the correlation coefficient for all MSA analyses. r> 0.995 1s required
for all sample and audit analyses. A correlation coefflcent (r) 2 0.998 Is ..
recommended for the calibration blank or problems will occur wlthTthe sample
analysis. If r<0.995 or the slope 1s <35S of the Initial calibration blank,
reanalyze the sample once. If the standard addition again falls these criteria,

1 Trid reanalyze. If the standard addition again falls, flag _
the data with a*"*-'. ,• • • §?

8. Care must be taken to avoid exceeding the linear range for all GFAA analyses.
-' This problem 1s especially severe with Cd and Pb. Dilution of the samples may

be necessary to avoid this problem, n '.



9. A ICP Metals. Mercury and Cyanide
Audits teequ l red"

' ICVS,~CCVS, ICP serial
dilution. ICP ICS. Distilled
CN standard

Calibration Blank

PrepaVatlon Blank

Duplicate

Matrix SpUe (ICP)
Matrix Sp1ke(ICP-Ca,Mg,
Ha, *)*
Matrix spike (Hg i CN)

Igested Lab Control Sample

Frequency of Audits

"iis per SOW 785 """

Beginning of Run and
1 1n 10 thereafter

1 1n 10 samples

1 1n 10 samples

1 1n 10 samples
1 1n 10 samples

1 In 10 samples

1 per sample set
*May be combined with other spike (cf Item 8 of SAS)

\B 6.F.A.A. Undigested Samples
Audits Required
1) Duplicate

2) Calibration Blank

....-3) ICVS and CCVS .....

9.C 6FAA-Digested Samples
————Audits Requl red 7~7

Calibration B1ank

Frequency of Audits
1 In 10 s a m p l e s "

Initially and after
every S samples

.Initially ICYS.and CCVS
" "after every 5 samples "'

Units

"Is "per SOW '785 -•—— •

< IDL

< SAS IDL Of
Attachment II

10% RPD or
Difference 1s
< SAS IDL, 151 For
" Hg 1 CN
85 - 1151 Recovery
85 - 1151 Recovery

80 - 1202

85 - 115S

Limits
D1fference of
'< SAS IDL Of
Attachment II
or,< 101 RPD

< IDL

.90S - .1105

.—.Fregyency of Audits .Ĵ ._l_...'.Limits _"": -':__Li.
initially and after < IDL

'. Difference of
or

..
v v--g«jg«aaea.--.̂ r.- •r-i*~s,z.-;^-±:.- : r - •• ̂v -. .-. j-A.-.-.-î rt-v.-x .•̂ .ri.-.:-j-< 55 JQL or ~~* • r̂ r̂r

*:' :~^=^4) Matrix Sptke'(Digest5) '^""I'tn 10 swiples"" -A"' -̂ ]B5"?115J Recbveryh^^~V :J:

'._. 5) Lab Control Sample
^^^(Dlgested) w;-.-r.-, *.,—.

";) "icvs,
1 per set of samples -85 • 115X Recovery

iCY5»rind CCVS
"after tvery 5 samples :'

••. •- .. .-

rr r



UJS. ENVIRONMENTAL PROTECTION AGENCY
CLP Sample Management Office
P.O. Box SIS . Alexandria, Virginia 22313
Phone: 703/557-2*90 - FTS/557-2490

5 AS Number

SPECIAL ANALYTICAL SERVICES
Client Request

Regional Transmittal j_| Telephone Request

A. EPA Region/Client: _V___________________________

B. RSCC Representative:

C. Telephone Number: (312) 353-2720

D. Date of Request:_____________

E. Site Name: Himco Dump, Elkhart, Indiana__________________

Please provide below description of your request for Special Analytical Services under
the Contract Laboratory Program. In order to most efficiently obtain laboratory
capability for your request, please address the following considerations, if applicable.
Incomplete or erroneous Information may result In a delay in the processing of your
request. Please continue response on additional sheets, or attach supplementary
information as needed.

1. General description of analytical service requested: Analysis of 1? pairs of
Tenax & Tenax/charcoal sorbent tubes for the volatile organic compounds
listed in Table 1 and up to IQTICs. Each pair is to be analyzed in
series. Two pairs are to be analyzed within 24 hours of receipt._____

2. Definition and number of work units involved (specify whether whole samples or
fractions; whether organics or inorganics; whether aqueous or soil and sediments;
and whether low, medium or high concentration):
19 low level landfill gas samples collected on Tenax & Tenax/charcoal
sorbent tube pairs. Two pairs are to be analyzed within 24 hours of
receipt. ________

3. Purpose of analysis (specify whether Superfund (enforcement or remedial action),
RCRA, NPDES, etc.): Superfund Remedial Investigation.____.________

C-5



4. Estimated date(s) of collection:

5. Estimated date(s) and method of shipment: Daily by overnight carrier.

6. Number of days analysis and data required after laboratory receipt of samples:
17 samples: Analyze within 7 days of receipt, report results within 30 day:
of receipt of samples. 2 samples; Analyze and report verbal results wJLthir
24 hours of receipt, hard copy data package due 30 days after receipt.

7. Analytical protocol required (attach copy if other than a protocol currently used in
this program): Protocol for Analysis of Sorbent Cartridges from _____
Volatile Organic Sampling Train EPA SW-846 Method 5040 Third Edition
(attached) and see also Attachment II and III.

Special technical instructions (if outside protocol requirements, specify compound
names, CAS numbers, detection limits, etc.): See attached (Attachments I,
II, and III). __________ ___________

9. Analytical results required (if known, specify format for data sheets, QA/QC
reports, Chain-of-Custody documentation, etc.) If not completed, format of results
will be left to program discretion. See Attachment IV. See Attachment III
for units to be used.

10. Other (use additional sheets or attach supplementary information, as needed):

11. Name of sampling/shipping contact: Mareia
Phone: (414) 458-8711

C-6



8. Special Technical Instructions

Laboratory will supply:

27 pairs of Tenax and Tenax/charcoal tubes:

19 for field samples
2 for field duplicates
2 for tube "bottle" blanks
2 for upwind sample locations
1 for matrix spike
1 for matrix spike duplicate
3 extra for pump calibration and breakage

Tubes will comply with the I/I type listed in Attachment I. The laboratory
shall specify the inner diameter of the cartridge. The cost of the Tenax,
charcoal, glass tubes, and cleaning/conditioning and certifying the cartridges
are the responsibility of the CLP SAS lab. The tubes will be prepared and
shipped to the site no more than 2 weeks prior to sampling. In addition to
cartridge preparation, the SAS lab shall provide all necessary fittings and
adapters to allow field sampling using an air sampling pump with a 1/4-inch
sampling port. All pre-cleaned and exposed cartridges will be stored at -20*C
intact with end caps and placed in culture tubes with cleaned charcoal. Blank
concentrations should not be subtracted from sample results. Each cartridge
pair should be analyzed in series. Verify the detection limits through a
cartridge spiked with all target compounds at the concentration of the
detection limit as indicated in Attachment II.

Laboratory must uniquely label each tube and send a completed chain-of-custody
form with the cartridges to the field, and use custody seals on all shipping
containers.



12. Data Requirements

Parameter
CLP TCLVOAs

Detection Limit
5 ng/tube

(Table 1 Attachment I)

13. QC Requirements

Audits Required
Method Blank*

Frequency of Audits
daily, at start and

everv 12 hour shift
Continuing Calibration
Check

MS, MSD

daily, at start and
every 12 hour shift

1 per group of 10

Sy.rr.2eate Spike all samples, STDS blanks

Precision Desired
or Concentration)

+25Z

Limits
(Percent or Concentration)
___5 ng each'TCL

+25%

50-150% recovery
25% rpd_______
50-150% recovery

document with data package
+25%

Contact SMO.

*Method Blank consists of an unexposed Tenax cartridge and an unexposed
Tenax/charcoal cartridge.

Please return this request to the Sample Management Office as soon as possible to
.expedite processing of your request for special analytical services. Should you have any
questions or need any assistance, please contact /our Regional representative at the
Sample Management Office.

C-7
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JZI
Tube.

2.1.4 Sorfaent cartridges:
2.1.4.1 The sorbent cartridges used for the VOST wy be used

In either of two configurations: the Inslde-outslde (I/O)
configuration In which the cartridge 1s held within an outer glass
tube and 1n a metal carrier, and the Inside-Inside (I/I)
configuration 1n which only a single glass tube Is used, with or
without a metal carrier. In either case, the sorbent packing will
be the same.

2.1.4.1.1 The first of a pair of sorbent cartridges shall
be packed with approximately 1.6 g Tenax GC resin and the
second cartridge of a pair shall be packed with Tenax GC and
petroleum-based charcoal (3:1 by volume; approximately 1 g of
each).

2.1.4.1.2 The second sorbent cartridge shall be packed so
that the sample gas stream passes through the Tenax layer first
and then through the charcoal layer.

2.1.4.2 The sorbent cartridges shall be glass tubes with
approximate dimensions of 10 cm by 1.6 cm I.D. The two acceptable
designs (I/O, I/I) for the sorbent cartridge are described 1n
further detail below.

2.1.4.2.1 Inside/Inside sorbent cartridge: A diagram of
an I/I sorbent cartridge 1s shown 1n Figure 3. This cartridge
1s a single glass tube (10 cm by 1.6 cm I.D.) which has the
ends reduced 1n size to accommodate a 1/4- or 3/8-1n. Swagelok
or Cajon gas fitting. The resin 1s held 1n place by glass wool
at each end of the resin layer. The amounts of each type of
sorbent material used 1n the I/I design are the same as for the
I/O design. Threaded end caps are placed on the sorbent
cartridge after packing with sorbent to protect the sorbent
from contamination during storage and transport.

2.1.4.2.2 Inside/Outside type sorbent cartridge: A
diagram of an I/O sorbent cartridge 1s shown In Figure 4. In
this design the sorbent materials are held 1n the glass tube
with a fine mesh stainless steel screen and a C-cllp. The
glass tube 1s then placed within a larger diameter glass tube
and held 1n place using VIton 0-r1ngs. The purpose of the
outer glass tube 1s to protect the exterior of the resin-
containing tube from contamination. The two glass tubes are
held 1n a stainless steel cartridge holder, where the ends of
the glass tubes are held In place by V1ton 0-rings placed In
machine grooves 1n each metal end piece. The three cylindrical
rods are secured 1n one of the metal end pieces and fastened to
the other end piece using knurled nuts, thus sealing the glass
tubes Into the cartridge holder. The end pieces are fitted
with a threaded nut onto which a threaded end cap 1s fitted
with a VHon 0-r1ng seal, to protect the resin from
contamination during transport and storage. _.._._



r u
O
7

_ _ _ _ _ o o o o c> o o o o o o o o o <o o o o o o o o o o> o o o o o o o o o <o o o o o o o o o o
> O O O C O O O O i0000^,50000o o o c X o o o o *
O O O O < ) O O O O
O O O C ^ r O C O O i
O O O C U J O O O O t

O O O O u » ) O O C O
^ O O C ^ O O O O i
O O O O O C O O O toooooooooo
OOOOOOOOOi
0000000000

zI
I
«

V

0030 - 7
Revision 0
Date September 1986



All other sample transfer lines used with the VOST shall be Teflon with
connecting fittings that are capable of forming leak-free, vacuum-tight
connections without the use of sealing grease.

3.0 REAGENTS AND MATERIALS

3.1 2,6-D1phenylene oxide polymer (Tenax, 35/60 mesh):

3.1.1 The new Tenax Is Soxhlet extracted for 24 hr with nethanol
(Burdlck & Jackson, pesticide grade or equivalent). The Tenax Is dried
for 6 hr 1n a vacuum oven at 50*C before use. Users of I/O and I/I
sorbent cartridges have used slightly different thermal conditioning
procedures. I/O sorbent cartridges packed with Tenax are thermally
conditioned by flowing organic-free nitrogen (30 mL/m1n) through the
resin while heating to 190*C. Some users have extracted new Tenax and
charcoal with pentane to remove nonpolar Impurities. However, these
users.have experienced problems with residual pentane 1n the sorbents
during analysis.

3.1.2 If very high concentrations of volatile POHCs have been
collected on the resin (e.g., mlcrograms of analytes), the sorbent nay
require Soxhlet extraction as described above. Previously used Tenax
cartridges are thermally reconditioned by the method described above.

3.2 Charcoal (SKC petroleum-base or equivalent): New charcoal 1s
prepared and charcoal 1s reconditioned as described 1n Paragraph 4.4. New
charcoal does not require treatment prior to assembly Into sorbent cartridges.
Users of VOST have restricted the types of charcoal used In sorbent cartridges
to only petroleum-based types. Criteria for other types of charcoal are
acceptable 1f recovery of POHC 1n laboratory evaluations meet the criteria of
50 to 1501.

3.3 V1ton-0-R1ng; All 0-r1ngs used 1n VOST shall be V1ton. Prior to
use, these 0-r1ngs should be thermally conditioned at 200'C for 48 hr.
0-r1ngs should be stored 1n clean, screw-capped glass containers prior to use.

3.4 Glass tubes/Condensers; The glass resin tubes and condensers should
be cleaned with a noniontc detergent 1n an ultrasonic bath, rinsed well with
organic-free water, and dried at 110'C. Resin tubes of the I/O design should
be assembled prior to storage as described 1n Paragraph 4.1. Resin tubes of
the I/I design can be stored 1n glass culture tube containers with cotton
cushioning and Teflon-Hned screw caps. Condensers can be capped with
appropriate end caps prior to use.

3.5 Metal parts: The stainless steel carriers, C-cl1ps, end plugs, and
screens used 1n the I/O VOST design are cleaned by ultrasonlcatlon In a warm
nonlonlc detergent solution, rinsed with distilled water, air-dried, and
heated In a muffle furnace for 2 hr at 400*C. Resin tubes of the I/I design
require Swagelok or equivalent end caps with Supelco M-l ferrules. These
should be heated at 190*C along with the assembled cartridges.

0030 - 9
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3.6 Silica gel (Indicating type, 6-16 mesh): New silica gel may be used
as received"! Silica gel which has been previously used should be dried for 2
hr at 175*C (350'F).

3.7 Cold packs; Any commercially available reusable liquids or gels
that can be repeatedly frozen are acceptable. They are typically sold 1n
plastic containers as "Blue Ice' or "Ice-Packs.• Enough should be used to
keep cartridges at or near 4*C.

3.8 Water; Water used for cooling train components In the field may be
tap water; and water used for rinsing glassware should be organic-free.

3.9 Glass wool; Glass wool should be Soxhlet extracted for 8 to 16 hr,
using methane1, and oven dried at 110'C before use.

4.0 SAMPLE HANDLING AND PROCEDURE

4.1 Assembly;

4.1.1 The assembly and packing of the sorbent cartridges should be
carried out In an area free of volatile organic material, preferably a
laboratory 1n which no organic solvents are handled or stored and In
which the laboratory air 1s charcoal filtered. Alternatively, the
assembly procedures can be conducted 1n a glove box which can be purged
with organic-free nitrogen.
4.2 Tenax cartridges;

4.2.1 The Tenax, glass tubes, and metal cartridge parts are cleaned
and stored (see Section 3.0). Approximately 1.6 g of Tenax 1s weighed
and packed Into the sorbent tube which has a stainless steel screen and
C-cl1p (I/O design) or glass wool (I/I design) In the downstream end.
The Tenax 1s held In place by Inserting a stainless steel screen and
C-cltps 1n the upstream end (I/O design) or glass wool (I/I design).
Each cartridge should be marked, using an engraving tool, with an arrow
to Indicate the direction of sample flow, and a serial number.

4.2.2 Conditioned resin tubes of the I/O design are then assembled
Into the metal carriers according to the previously described
1ns1de/1ns1de or 1ns1de/outs1de procedures (with end caps) and are placed
on cold packs for storage and transport. Conditioned resin tubes of the
I/I design are capped and placed on cold packs for storage and transport.

4.3 Tenax/Charcoal tubes

4.3.1 The Tenax, charcoal, and metal cartridge parts are cleaned
and stored as previously described (see Section 3.0). The tubes are

' packed with approximately a 3:1 volume ratio of Tenax and charcoal
(approximately 1 g each). The Tenax and charcoal are held In place by
the stainless steel screens and C-cl1ps (I/O design) or by glass wool
(I/I design). The glass tubes containing the Tenax and charcoal are then
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conditioned as described below (see Paragraph 4.4). Place the I/O glass
tubes In the metal carriers (see Paragraph 2.1.4.2.2), put end caps on
the assembled cartridges, mark direction of sample flow and serial
number, and place the assembled cartridges on cold packs for storage and
transport.

4.3.2 Glass tubes of the I/I design are conditioned, and stored In
the same manner as the I/O tubes.
4.4 Trap Conditioning - QC

4.4.1 Following assembly and leak-checking, the traps are connected
In reverse direction to sampling to a source of organic-free nitrogen,
and nitrogen Is passed through each trap at a flow rate of 40 «L/m1n,
while the traps are heated to 190*C for 12-28 hr. The actual
conditioning period may be determined based on adequacy of the resulting
blank checks.

4.4.2 The following procedure Is used to blank check each set of
sampling cartridges prior to sampling to ensure cleanliness. The
procedure provides semi-quantitative data for organic compounds with
boiling points below 110'C on Tenax and Tenax/Charcoal cartridges. It 1s
not Intended as a substitute for Method 5040.

4.4.2.1 The procedure Is based on thermal desorptlon of each
set of two cartridges, cryofocuslng with liquid nitrogen onto a trap
packed with glass beads, followed by thermal desorptlon from the
trap and analysis by 6C/FID.

4.4.2.2 The detection limit 1s based on the analysis of Tenax
cartridges spiked with benzene and toluene and 1s around 2 ng for
each compound.

4.4.2.3 The results of analyzing spiked cartridges on a dally
basis should not vary by more than 20 percent. If the results are
outside this range, the analytical system must-be evaluated for the
probable cause and a second spiked cartridge analyzed.

4.4.2.4 The GC operating conditions are as follows:
6C Operating Conditions

Column: Packed column 6 ft x 1/8" stainless steel 1.0 percent
SP-1000 on Carbopack B 60/80, or equivalent.

Temperature program: 50*C for 5 mln, 20*C/m1n Increase to
190*C, hold 13 m1n.

Injector: 200*C.
Detector: F.I.D. 250'C.
Carrier Gas: Helium at 25 mL/mln.
Sample valve: Valco 6-port with 40" x 1/16' stainless steel

trap packed with 60/80 mesh glass beads.
Cryogen: Liquid nitrogen.
Trap heater: Boiling water, hot oil, or electrically heated.
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1C oven can be uli^r this wlthJlflFen it room tenperatui
|1um carrier gas
jld be used. After
Lhe desorptlon heater
>rnal standard spike
jarlson between
lysis should not va
then per1od1ca1l

tmd time to vcrl
Denature are

50 BL/mJî prhe solvent flush techn1<
he Tenax cartridge and pli

BFB Is also used as
analysis which provides a gc

.^^ The results of this sp1
than^^Bqrcent day to day. Initial

__ should be reanalyze
•at the 10 mln JBbutlon time and 180-20C

1e to remove all of l̂ ulked components.
n o t e t a t only one spiked T

d dally unless otherwise
artrldge need]

ensure proj

able blank level
lyst. An acceptable

Is left to the d1
level 1s one that

4.4.3 After conditioning, traps are sealed and placed on cold packs
until sampling Is accomplished. Conditioned traps should be held for a
minimum amount of time to prevent the possibility of contamination.

4.4.4 It may be useful to spike the Tenax and Tenax/charcoal traps
with the compounds of Interest to ensure that they can be thermally
desorbed under laboratory conditions. After spiked traps are analyzed
they may be reconditioned and packed for sampling.

calibrated within
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2.1.4 Sorbent cartridges:

2.1.4.1 The sorbent cartridges used for the VOST may be used
In either of two configurations: the Inslde-outslde (I/O)
configuration 1n which the cartridge Is held within an outer glass
tube and 1n a metal carrier, and the Inside-Inside (I/I)
configuration 1n which only a single glass tube Is used, with or
without a metal carrier. In either case, the sorbent packing will
be the same.

2.1.4.1.1 The first of a pair of sorbent cartridges shall
be packed with approximately 1.6 g Tenax GC resin and the
second cartridge of a pair shall be packed with Tenax GC and
petroleum-based charcoal (3:1 by volume; approximately 1 g of
each).

2.1.4.1.2 The second sorbent cartridge shall be packed so
that the sample gas stream passes through the Tenax layer first
and then through the charcoal layer.

2.1.4.2 The sorbent cartridges shall be glass tubes with
approximate dimensions of 10 cm by 1.6 cm I.D. The two acceptable
designs (I/O, I/I) for the sorbent cartridge are described 1n
further detail below.

2.1.4.2.1 Inside/Inside sorbent cartridge: A diagram of
an I/I sorbent cartridge 1s shown 1n Figure 3. This cartridge
1s a single glass tube (10 cm by 1.6 cm 1.0.) which has the j
ends reduced 1n size to accommodate a 1/4- or 3/8-1n. Swagelok j
or Cajon gas fitting. The resin 1s held 1n place by glass wool
at each end of the resin layer. The amounts of each type of
sorbent material used 1n the I/I design are the same as for the
I/O design. Threaded end caps are placed on the sorbent
cartridge after packing with sorbent to protect the sorbent
from contamination during storage and transport.

2.1.4.2.2 Inside/Outside type sorbent cartridge: A
diagram of an I/O sorbent cartridge 1s shown 1n Figure 4. In
this design the sorbent materials are held 1n the glass tube
with a fine mesh stainless steel screen and a C-cllp. The
glass tube 1s then placed within a larger diameter glass tube
and held 1n place using VUon 0-rlngs. The purpose of the
outer glass tube Is to protect the exterior of the resin-
containing tube from contamination. The two glass tubes are
held 1n a stainless steel cartridge holder, where the ends of
the glass tubes are held In place by VUon 0-r1ngs placed 1n
machine grooves 1n each metal end piece. The three cylindrical
rods are secured 1n one of the metal end pieces and fastened to
the other end piece using knurled nuts, thus sealing the glass
tubes Into the cartridge holder. The end pieces are fitted
with a threaded nut onto which a threaded end cap Is fitted
with a VUon 0-rlng seal, to protect the resin from
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All other sample transfer lines used with the VOST shall be Teflon with
connecting fittings that are capable of forming leak-free, vacuum-tight
connections without the use of sealing grease.

3.0 REAGENTS AND MATERIALS

3.1 2.6-D1phenylene oxide polymer (Tenax, 35/60 nesh):
3.1.1 The new Tenax Is Soxhlet extracted for 24 hr with nethanol

(Burdlck & Jackson, pesticide grade or equivalent). The Tenax 1s dried
for 6 hr In a vacuum oven at 50*C before use. Users of I/O and I/I

. sorbent cartridges have used slightly different thermal conditioning
procedures. I/O sorbent cartridges packed with Tenax are thermally
conditioned by flowing organic-free nitrogen (30 nL/mln) through the
resin while heating to 190*C. Some users have extracted new Tenax and
charcoal with pentane to remove nonpolar Impurities. However, these
users.have experienced problems with residual pentane In the sorbents
during analysis.

3.1.2 If very high concentrations of volatile POHCs have been
collected on the resin (e.g., mlcrograms of analytes), the sorbent may
require Soxhlet extraction as described above. Previously used Tenax
cartridges are thermally reconditioned by the method described above.
3.2 Charcoal (SKC petroleum-base or equivalent): New charcoal Is

prepared and charcoal 1s reconditioned as described In Paragraph 4.4. New
charcoal does not require treatment prior to assembly Into sorbent cartridges.
Users of VOST have restricted the types of charcoal used 1n sorbent cartridges
to only petroleum-based types. Criteria for other types of charcoal are
acceptable 1f recovery of POHC In laboratory evaluations meet the criteria of
50 to 150X.

3.3 V1ton-0-R1nq; All 0-rlngs used In VOST shall be V1ton. Prior to
use, these 0-r1ngs should be thermally conditioned at 200*C for 48 hr.
0-r1ngs should be stored 1n clean, screw-capped glass containers prior to use.

3.4 Glass tubes/Condensers; The glass resin tubes and condensers should
be cleaned with a nonlonlc detergent 1n an ultrasonic bath, rinsed well with
organic-free water, and dried at 110*C. Resin tubes of the I/O design should
be assembled prior to storage as described 1n Paragraph 4.1. Resin tubes of
the I/I design can be stored 1n glass culture tube containers with cotton
cushioning and Teflon-Hned screw caps. Condensers can be capped with
appropriate end caps prior to use.

3.5 Metal parts; The stainless steel carriers, C-cllps, end plugs, and
screens used 1n the I/O VOST design are cleaned by ultrasonlcation In a warm
nonlonlc detergent solution, rinsed with distilled water, air-dried, and
heated 1n a muffle furnace for 2 hr at 400*C. Resin tubes of the I/I design
require Swagelok or equivalent end caps with Supelco M-l ferrules. These
should be heated at 190*C along with the assembled cartridges.
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3.6 S11lea gel (Indicating type, 6-16 mesh): New silica gel nay be used
as receive?!silica gel which has been previously used should be dried for 2
hr at 175*C (350*F).

3.7 Cold packs; Any commercially available reusable liquids or gels
that can be repeatedly frozen are acceptable. They are typically sold In
plastic containers as "Blue Ice' or "Ice-Packs." Enough should be used to
keep cartridges at or near 4*C.

3.8 Water; Water used for cooling train components In the field may be
tap water; and water used for rinsing glassware should be organic-free.

3.9 Glass wool; Glass wool should be Soxhlet extracted for 8 to 16 hr,
using methanelr and oven dried at 110*C before use.

4.0 SAMPLE HANDLING AND PROCEDURE

4.1 Assembly;

4.1.1 The assembly and packing of the sorbent cartridges should be
carried out In an area free of volatile organic material, preferably a
laboratory 1n which no organic solvents are handled or stored and In
which the laboratory air Is charcoal filtered. Alternatively, the
assembly procedures can be conducted In a glove box which can be purged
with organic-free nitrogen.
4.2 Tenax cartridges;

4.2.1 The Tenax, glass tubes, and metal cartridge parts are cleaned
and stored (see Section 3.0). Approximately 1.6 g of Tenax Is weighed
and packed Into the sorbent tube which has a stainless steel screen and
C-cl1p (I/O design) or glass wool (I/I design) 1n the downstream end.
The Tenax 1s held 1n place by Inserting a stainless steel screen and
C-cl1ps 1n the upstream end (I/O design) or glass wool (I/I design).
Each cartridge should be marked, using an engraving tool, with an arrow
to Indicate the direction of sample flow, and a serial number.

4.2.2 Conditioned resin tubes of the I/O design are then assembled
Into the metal carriers according to the previously described
1ns1de/1ns1de or Inside/outside procedures (with end caps) and are placed
on cold packs for storage and transport. Conditioned resin tubes of the
I/I design are capped and placed on cold packs for storage and transport.

4.3 Tenax/Charcoal tubes
4.3.1 The Tenax, charcoal, and metal cartridge parts are cleaned

and stored as previously described (see Section 3.0). The tubes are
' packed with approximately a 3:1 volume ratio of Tenax and charcoal

(approximately 1 g each). The Tenax and charcoal are held 1n place by
the stainless steel screens and C-cllps (I/O design) or by glass wool
(I/I design). The glass tubes containing the Tenax and charcoal are then
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conditioned as described below (see Paragraph 4.4). Place the I/O glass
tubes 1n the metal carriers (see Paragraph 2.1.4.2.2), put end caps on
the assembled cartridges, mark direction of sample flow and serial
number, and place the assembled cartridges on cold packs for storage and
transport.

4.3.2 Glass tubes of the I/I design are conditioned, and stored In
the same manner as the I/O tubes.
4.4 Trap Conditioning - QC

4.4.1 Following assembly and leak-checking, the traps are connected
In reverse direction to sampling to a source of organic-free nitrogen,
and nitrogen Is passed through each trap at a flow rate of 40 •L/mln,
while the traps are heated to 190*C for 12-28 hr. The actual
conditioning period may be determined based on adequacy of the resulting
blank checks.

4.4.2 The following procedure 1s used to blank check each set of
sampling cartridges prior to sampling to ensure cleanliness. The
procedure provides semi -quantitative data for organic compounds with
boiling points below 110*C on Tenax and Tenax/Charcoal cartridges. It Is
not Intended as a substitute for Method 5040.

4.4.2.1 The procedure 1s based on thermal desorptlon of each
set of two cartridges, cryo focusing with liquid nitrogen onto a trap
packed with glass beads, followed by thermal desorptlon from the
trap and analysis by 6C/FIO.

4.4.2.2 The detection limit 1s based on the analysis of Tenax
cartridges spiked with benzene and toluene and 1s around 2 ng for
each compound.

4.4.2.3 The results of analyzing spiked cartridges on a dally
basis should not vary by more than 20 percent. If the results are
outside this range, the analytical system must be evaluated for the
probable cause and a second spiked cartridge analyzed.

4.4.2.4 The GC operating conditions are as follows:

6C Operating Conditions

Column: Packed column 6 f t x 1/8' stainless steel 1.0 percent
SP-1000 on Carbopack B 60/80, or equivalent.

Temperature program: 50*C for 5 mln, 20*C/m1n Increase to
190*C, hold 13 m1n.

Injector: 200'C.
Detector: F.I.D. 250*C.
Carrier Gas: Helium at 25 ml/ml n.
Sample valve: Valco 6-port with 40' x 1/16" stainless steel

trap packed with 60/80 mesh glass beads.
Cryogen: Liquid nitrogen.
Trap heater: Boiling water, hot oil, or electrically heated.
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4.4.3 After conditioning, traps are sealed and placed on cold packs
until sampling 1s accomplished. Conditioned traps should be held for a
minimum amount of time to prevent the possibility of contamination.

4.4.4 It may be useful to spike the Tenax and Tenax/charcoal traps
with the compounds of Interest to ensure that they can be thermally
desorbed under laboratory conditions. After spiked traps are analyzed
they nay be reconditioned and packed for sampling.
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ATTACHMENT II

SORBENT TUBE SAS

I. PERFORM THE FOLLOWING PER CLP STATEMENT OF WORK, CURRENT SOW

1. GC/MS Tuning

2. Qualitative Compound Identification

3. Surrogate Spike (compounds to be used and their concentrations as
they are specified in the SOW) to each standards, blanks, and
samples. The concentration of each surrogate spike compound shall be
200 total ng.

4. Internal Standard Compounds to be added at 200 total ng each.

5. For matrix spike/matrix spike duplicate analysis, matrix spike
compounds specified in the CLP Statement of Work shall be used. The
total concentration of each compound shall be 200 ng.

6. Tentatively identified of non-target compound (TICs).

II. CALIBRATION REQUIREMENTS

1. Initial Calibration

Initial calibration curve shall consist of 5 points at 20, 200, 500,
750, and 1,000 total ng of each compound.

2. Continuing Calibration Check

a. Perform daily continuing calibration check at the beginning
before sample analysis, and every 12-hour shift using standards
at a concentration of 20 ng.

b. Perform weekly using standard at concentration of 20 ng.

III. PREPARATION AND ANALYSIS OF STANDARDS

Calibration standards shall be prepared by spiking pre-cleaned blank
cartridges with appropriate amount of standards, and analyzed the same
way as the samples.
0 Extra tubes must be prepared by the laboratory and sent to the field

for the MS/MSD analyses. Tubes will be labeled for the MS/MSD
analyses; these will be blank tubes resubmitted from the field. If
no field samples are designated for MS/MSD by field staff, laboratory
shall prepare control spikes consisting of duplicate spike blank
cartridges.

II-l



IV. DETECTION LIMIT VERIFICATION

Spike a blank Tenax-Tenax/charcoal cartridge pair with all target
compounds at the required guantitation limits as listed in Table 1. All
qualitative identification criteria as per the CLP Statement of Work
(SOW) for organics shall be met. Provide all documentation requirements
of the CLP organic SOW.

V. ANALYSIS

Analyze and report results of each cartridge pair in the unit of ng/tube,
and convert to ug/m3 (Attachment III, page III-l).
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TABLE 1

TARGET COMPOUND LIST (TCL) AND QOANTITATION LIMITS (QLs)

Volatile Organics CAS Number

Benzene 71-43-2
Bromodichloromethane 75-27-4
Bromoform 75-25-2
Bromomethane 74-83-9
Carbon Tetrachloride 56-23-5
Chlorobenzene 108-90-7
Chloroethane 75-00-3
Chloroform 67-66-3
Chloromethane 74-87-3
Dibromochloromethane 124-48-1
1.1-Dichloroethane 75-34-3
1.2-Dichloroethane 107-06-2
1.1-Dichloroethene 75-35-4
If2-Dichloroethene (Total)
1.2-Dichloropropene 78-87-5
Cis-1,3-Dichloropropene 10061-01-5
Trans-1,3-Dichloropropene 10061-02-6
Ethyl Benzene 100-51-4
Methylene Chloride 75-09-2
1,1,2,2-Tetrachloroethane 79-34-5
Tetrachloroethene 127-18-4
Toluene 108-88-3
1.1.1-Trichloroethane 71-55-6
1.1.2-Trichloroethane 79-00-5
Trichloroethene 79-01-6
Vinyl Chloride 75-01-4
Acetone 67-64-1
Carbon Disulfide 75-15-0
2-Butanone 78-93-3
Vinyl Acetate 108-05-4
4-Methyl-2-Pentanone 108-10-1
2-Hexanone 519-78-6
Styrene 100-42-5
m-Xylene** 108-38-3
0-Xylene** 95-47-6
p-Xylene** 106-42-3

Required Quantitation Limits
______(ng/tube)_______

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

** Assuming cartridge is packed with 2 grams of Tenax.

A/P/HIMCO/AD4
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ATTACHMENT III

SORBENT TUBE SAS
ADDITIONAL SPECIAL INSTRUCTIONS

Daily GC/MS performance test, Section 9, will be performed by adding 50 ng of
bromofluorobenzene to a blank Tenax cartridge.

Internal Standard Calibration, Section 6.2, 50 ng of bromofluorobenzene (BFB)
will be added to all sorbent cartridges (in addition to one or more internal
standards) to provide continuous monitoring of the GC/MS performance relative
to BFB.

The laboratory will tentatively identify up to 10 additional compounds.

For MS/MSD analyses, the Tenax/charcoal tube must be spiked if the analysis is
^ rf run with the tubes in series. The sampling team may request the tubes not be

run in series if field screening indicates high concentrations.

Surrogate spikes will be comprised of the following:

0 Dg - Toluene

0 04 - 1,2-dichloroethene

0 4 - bromofluorobenzene

These surrogate compounds will go into the Tenax/charcoal tube if the tubes
are to be analyzed in pairs. If the Tenax and Tenax/charcoal tubes are
analyzed separately, each tube must be spiked with the surrogates. Tubes will
be spiked with 200 ng of each surrogate compounds.

^*^ DATA CALCULATION AND REPORTING/UNITS

Data is calculated in units of ng/tube (Section 7.5.1.1, page 5040-7). Units
of ng/tube should be converted to ng/L to indicate the ng of each volatile
organic compound detected (or undetected) per liter of soil gas collected at
standard conditions, using the following conversion:

ng/tube x tube = ng/Liter
Liters*

•Supplied by field team, corrected to standard conditions will be recorded on
chain-of-custody form.
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ATTACHMENT IV

SORBENT TUBE SAS
ANALYTICAL RESULTS REQUIRED

All documentation requirements of the CLP organic SOU 2/88 applies,
including copies of the chain-of-custody forms received at the lab
with the samples, initial and continuing calibration forms, volatile
OADS, surrogate recovery summary, internal standard summary, and
matrix, matrix spike duplicate recovery summary.

Non-target list compounds detected will be identified, quantified,
and reported as TICs in the CLP 2/88 SOW.

All results from analysis of blank cartridges.

Detection limit verification data from procedure in Attachment II.

- Notes on calculation of percent rsd for calibration curve and percent
rpd for daily calibration check standards.

Documentation of cartridge tube pairs preparation and handling.

A/P/HIMCO/AD4
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METHOD 5040

PROTOCOL FOR ANALYSIS OF SORBENT CARTRIDGES
FROM VOLATILE ORGANIC SAMPLING TRAIN

1.0 SCOPE AND APPLICATION

1.1 Method 5040 was formerly Method 3720 in the Second Edition of this
manual.

1.2 This method covers the determination of volatile principal organic
hazardous constituents (POHCs), collected on Tenax and Tenax/charcoal sorbent
cartridges using a volatile organic sampling train, VOST (1). Much of the
description for purge-and-trap GC/MS analysis 1s described 1n Method 8240 of
this chapter. Because the majority of gas streams sampled using VOST will
contain a high concentration of water, the analytical method 1s based on the
quantitative thermal desorptlon of volatile POHCs from the Tenax and
Tenax/charcoal traps and analysis by purge-and-trap GC/MS. For the purposes
of definition, volatile POHCs are those POHCs with boiling points less than
100*C.

1.3 This method 1s applicable to the analysis of Tenax and Tenax/
charcoal cartridges used to collect volatile POHCs from wet stack gas
effluents from hazardous waste Incinerators.

1.4 The sensitivity of the analytical method for a particular volatile
POHC depends on the level of Interferences and the presence of detectable
levels of volatile POHCs 1n blanks. The desired target detection limit of the
analytical method is 0.1 ng/L (20 ng on a single pair of traps) for a
particular volatile POHC desorbed from either a single pair of Tenax and
Tenax/charcoal cartridges or by thermal desorptlon of up to six pairs of traps
onto a single pair of Tenax and Tenax/charcoal traps. The resulting single
pair of traps is then thermally desorbed and analyzed by purge-and-trap GC/MS.

1.5 This method 1s recommended for use only by experienced mass
spectroscopists or under the close supervision of such qualified persons.

2.0 SUMMARY OF METHOD

2.1 A schematic diagram of the analytical system 1s shown in Figure 1.
The contents of the sorbent cartridges are spiked with an Internal standard
and thermally desorbed for 10 mln at 180'C with organic-free nitrogen or
helium gas (at a flow rate of 40 mL/min), bubbled through 5 ml of organic-free
water, and trapped on an analytical adsorbent trap. After the 10-min
desorptlon, the analytical adsorbent trap Is rapidly heated to 180*C, with the
carrier gas flow reversed so that the effluent flow from the analytical trap
1s directed Into the GC/MS. The volatile POHCs are separated by temperature-
programmed gas chromatography and detected by low-resolution mass
spectrometry. The concentrations of volatile POHCs are calculated using the
Internal standard technique.
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3.0 INTERFERENCES

3.1 Refer to Methods 3500 and 8240.

c
4.0 APPARATUS AND MATERIALS

4.1 Thermal desorptlon unit;

4.1.1 The thermal desorptlon unit (for Inside/Inside VOST car-
tridges, use Supelco "clamshell" heater; for Inside/Outside VOST car-
tridges, user fabricated unit Is required) should be capable of themally
desorbing the sorbent resin tubes. It should also be capable of heating
the tubes to 180 + 10*C with flow of organic-free nitrogen or helium
through the tubes."
4.2 Purge-and-trap unit;

4.2.1 The purge-and-trap unit consists of three separate pieces of
equipment: the sample purger, trap, and the desorber. It should be
capable of meeting all requirements of Method 5030 for analysis of
purgeable organic compounds from water.

4.3 6C/HS system; As described In Method 8240.

C.

5.0 REAGENTS

5.1 Reagent water; Reagent water 1s defined as water 1n which an
Interferent 1s not observed at the method detection limit of the parameters of
Interest.

5.1.1 Reagent water may be generated by passing tap water through a
carbon filter bed containing about 450 g of activated carbon (Calgon
Corporation, Filtrasorb-300, or equivalent).

5.1.2 A water purification system (MilHpore Super-Q or equivalent)
may be used to generate reagent water.

5.1.3 Reagent water may also be prepared by boiling distilled
water for 15 min. Subsequently, while maintaining the temperature
at 90*C, bubble a contaminant-free Inert gas through the water for 1 hr.
Allow the water to cool to room temperature while continuing to bubble
the Inert gas through the water. This water should be transferred
directly to the purge-and-trap apparatus for use.

5.1.4 Other methods that can be shown to produce organic-free water
can be used.
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5.2.1 2,6-Dlphenylene oxide polymer: Tenax (60/80 nesh), chromato-
graphlc grade or equivalent.

5.2.2 Methyl slllcone packing: 3X OV-1 on Chromosorb V (60780
•esh) or equivalent.

5.2.3 Silica gel: Davlson Chemical (35/00 mesh), Grade 15, or
equivalent.

5.2.4 Charcoal: Petroleum-based (SKC Lot 104 or equivalent).

5.3 Stock standard solution;

5.3.1 Stock standard solutions will be prepared from pure standard
materials or purchased as certified solutions. The stock standards
should be prepared In methanol using assayed liquids or gases, as
appropriate. Because of the toxlclty of some of the organohalldes,
primary dilutions of these materials should be prepared In a hood. A
NIOSH/HESA-approved toxic gas respirator should be used when the analyst
handles high concentrations of such materials.

5.3.2 Fresh stock standards should be prepared weekly for volatile
POHCs with boiling points of <35*C. All other standards must be replaced
monthly, or sooner 1f comparison with check standards Indicates a
problem.

5.4 Secondary dilution standards;

5.4.1 Using stock standard solutions, prepare In methanol secondary C.
dilution standards that contain the compounds of Interest, either singly
or mixed together. The secondary dilution standards should be prepared
at concentrations such that the desorbed calibration standards will
bracket the working range of the analytical system.

5.5 4-Bromofluoroberuene (BFB) standard;

5.5.1 Prepare a 25 ng/uL solution of BFB 1n methanol.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 Refer to Method 0030, Chapter Ten.
G/-ViVf«p.s6.2 Sftapiig_tpainjv- obtained froo — ttu — VOS& should be analyzed within

•2*6 weeks of sample collection.
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7.0 PROCEDURE

7.1 Assembly of PTD device;

7,. 1.1 Assemble a purge-and-trap desorptlon device (PTD) that Beets
all the requirements of Method 5030 (refer to Figure 1).

7.1.2 Connect the thermal desorptlon device to the PTD device.
Calibrate the PTD-GC/HS system using the Internal standard technique.
7.2 Internal standard calibration procedure:

7.2.1 This approach requires the use of deuterated benzene as the
Internal standard for these analyses. Other Internal standards Bay be
proposed for use 1n certain situations. The Inportant criteria for
choosing a particular compound as an Internal standard are that It be
similar In analytical behavior to the compounds of Interest and that It
can be demonstrated that the measurement of the Internal standard be
unaffected by method or matrix Interferences. Other Internal standards
that have been used are djo-«thy1benzene and d4-l,2-d1chloroethane. One
adds 50 ng of BFB to all sorbent cartridges (1n addition to one or nore
Internal standards) to provide continuous monitoring of the GC/MS
performance relative to BFB.

7.2.2 Prepare calibration standards at a minimum of three
concentration levels for each analyte of Interest.

7.2.3 The calibration standards are prepared by spiking a blank
Tenax or Tenax/charcoal trap with a methanollc solution of the
calibration standards (Including 50 ng of the Internal standard, such as
deuterated benzene), using the flash evaporation technique. The flash
evaporation technique requires filling the needle of a 5.0-uL syringe
with clean methanol and drawing air Into the syringe to the 1.0-uL nark.
This 1s followed by drawing a methanollc solution of the calibration
standards (containing 25 ug/uL of the Internal standard) to the 2.0-uL
mark. The glass traps should be attached to the Injection port of a gas
chromatograph while maintaining the Injector temperature at 160*C. The
carrier gas flow through the traps should be maintained at about
50 mL/m1n.

7.2.4 After directing the gas flow through the trap, the contents
of the syringe should be slowly expelled through the gas chromatograph
Injection port over about 15 sec. After 25 sec have elapsed, the gas
flow through the trap should be shut off, the syringe removed, and the
trap analyzed by the PTD-GC/HS procedure outlined 1n Method 8240. The
total flow of gas through the traps during addition of calibration
standards to blank cartridges, or Internal standards to sample
cartridges, should be 25 ml or less.

7.2.5 Analyze each calibration standard for both Tenax and Tenax/
charcoal cartridges according to Section 7.3. Tabulate the area response
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of the characteristic Ions of each analyte against the concentration of
the Internal standard and calculate response factor (RF) for each
compound, using Equation 1."

RF -(1) (
where:

Ajs

Cfs
Cs

Area of the characteristic Ion for the analyte to
be measured.

Area of the characteristic Ion for the Internal
standard.

Amount (ng) of the Internal standard.
Amount (ng) of the volatile POHC 1n calibration

standard.
If the RF value over the working range Is a constant «10X RSD), the RF
can be assumed to be Invariant, and the average RF can be used for
calculations. Alternatively, the results can be used to plot a
calibration curve of response ratios, A$/Ajs versus RF.

7.2.6 The working calibration curve or RF must be verified on each
working day by the measurement of one or more of the calibration
standards. If the response varies by more than +25X for any analyte, a
new calibration standard must be prepared and analyzed, for that analyte.
7.3 The schematic of the PTD-GC/MS system Is shown In Figure 1. The

sample cartridge Is placed In the thermal desorptlon apparatus (for Inside/
Inside VOST cartridges, use Supelco 'clamshell11 heater; for Inside/Outside
VOST cartridges, user fabricated unit 1s required) and desorbed In the purge-
and-trap system by heating to 180*C for 10 m1n at a flow rate of 40 »L/m1n.
The desorbed components pass Into the bottom of the water column, are purged
from the water, and collected on the analytical adsorbent trap. After the 10-
m1n desorptlon period, the compounds are desorbed from the analytical adsor-
bent trap Into the GC/MS system according to the procedures described 1n
Method 8240.

7.4 Qualitative Identification;

7.4.1 The procedure for qualitative Identification of volatile
POHCs using this protocol Is described In Method 8240.

7.5 Calculations;

7.5.1 When an analyte has been qualitatively Identified,
quantification should be based on the Integrated abundance from the EICP
of the primary characteristic 1on chosen for that analyte. If the sample
produces an Interference for the primary characteristic Ion, a secondary
characteristic 1on should be used.
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7.5.1.1 Using the Internal standard calibration procedure, the
amount of analyte 1n the sample cartridge 1s calculated using the
response factor (RF) determined In Paragraph 7.2.5 and Equation 2.

Amount of POHC • AsCis/AjsRF (2)

where:

A$ « Area of the characteristic 1on for the analyte to be
Measured.

Aj$ » Area for the characteristic 1on of the Internal
standard.

Cjs • Amount (ng) of Internal standard.

VOST for Incinerator trlTI burns~ls~a~
^cedures used extensively by one user are outlined

The total amount of the POHCs of Interest̂ BPe'ted
should be summed. These values shoulJjMPi be>Taj

jldellnes for blank correction of sarao«BfrtrW^es aj

C)

7.5.
a paired t-
are slgnlflc1

difference 1s
the combined f1e
calculated.

After all blanks (f1el<
.should be used to deti

different froi
then the

trip blaj

are analyze
lether trip blaj
blanks. If

standard deviation!
each POHC of Interest

7.5.1.3.2 If, whel
trip blanks are determlj
blank (or the mean of
particular run shoul<
particular run.

the paired t-test, the field
be different, then the 1\
Field blanks) associated wi-

the blank value for

7.5.1.4 Next,
»rm1nat1on must
ilflcantly dlfj
trip and f1j
blank If:

leasured^
Imple

each san
bade as to whethel
from the associated

lanks Is used, then a

mean

JC combination,
particular sampl*

If the mear
,IV different

- (blank value) > (3 x blank standard
rfvldual field blank 1s used as the blank

,rdo not apply.) If the sample 1s determined to b
blank according to the above criteria, then
a part

Llffei

UOC6

?
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i|gh sample value and high blank value or there Is.a
" low blank value), the measured sample value

this case, the measured sample
mum emission value (and

Hue) for^B^partlcular run.

used

rvatlon of high
artridges
^ cart

7.5.1.6
kterest In b
Mitamlnation of

the site. Data
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es possible res 1 dill

rlor to shipment to tnd Uje
his category (especially dfla
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validity, and blank data shold
" "Jty of data of this typef

jry decision. Contlnl
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Ipment, and,,
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that procedures
fge of sorbent cartridge

llmlnate this problem.
•anup, mon1tori]
irtlcular user]

If any Internal standard recoveries^
Im1ts established In Section 8.4, data fdt

8.0 QUALITY CONTROL
8.1 Refer to Chapter One for specific quality control procedures and

Method 3500 for sample preparation procedures.
8.2 Each laboratory that uses this method Is required to operate a

formal quality control program. The minimum requirements of this
program consist of an Initial demonstration of laboratory capability
and the analysis of blank Tenax and Tenax/charcoal cartridges spiked
with the analytes of Interest. The laboratory 1s required to
maintain performance records to define the quality of data that are
generated. Ongoing performance checks must be compared with
established performance criteria to determine If results are within
the expected precision and accuracy limits of the method.
8.2.1 Before performing any analyses, the analyst must demonstrate

the ability to generate acceptable precision and accuracy with this
method. This ability Is established as described 1n Paragraph 7.2.

8.2.2 The laboratory must spike all Tenax and Tenax/charcoal
cartridges with the Internal standard(s) to monitor continuing laboratory
performance. This procedure 1s described In Paragraph 7.2.

8.3 To establish the ability to generate acceptable accuracy and
precision, the analyst must spike blank Tenax and Tenax/charcoal cartridges
with the analytes of Interest at two concentrations 1n the working range.
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8.3.1 The average response factor (R) and the standard deviation
(S) for each oust be calculated. ...

- 8.3.2 The average recovery and standard deviation mist fall within
( the expected range for determination of volatile POHCs using this nethod.

The expected range for recovery of volatile POHCs using this method 1s
50-1502.
8.4 The analyst nust calculate aethod performance criteria for the

Internal standard(s). . • •
' • ' .

8.4.1 Calculate upper and lower control Halts for aethod
performances using the average area • response (A) and standard
devlatlon(s) for Internal standard: • • • - . - - .

Upper Control Limit (UCL) » A + 3S. .
Lower Control Limit (LCL) » A - 3S.

The UCL and LCL can be used to construct control charts that are useful
1n observing trends In performance. The control Halts must be replaced
by method performance criteria as they become available from the
U.S. ERA.
8.5 The laboratory Is required to spike all sample cartridges (Tenax and

Tenax/charcoal) with Internal standard.

8.6 Each day, the analyst must demonstrate through analysis of blank
Tenax and Tenax/charcoal cartridges and reagent water that Interferences from
the analytical system are under control.

( 8.7 The dally GC/HS performance tests required for this method are
described 1n Method 8240. i •'

9.0 METHOD PERFORMANCE

9.1 Refer to the determinative methods for performance data.

10.0 REFERENCES

1. Protocol for Collection and Analysis of Volatile POHC's Using VOST.
EPA/600/8-84-007, March 1984.

2. Validation of the Volatile Organic -Sampling Train (VOST) Protocol.
Volumes I and II. EPA/600/4-86-014a, January 1986.
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U.S. ENVIRONMENTAL PROTECTION AGENCY
CLP Sample Management Office.
P.O. Box US . Alexandria, Virginia 22313
Phone: 703/557-2*90 - FTS/557-2WO

5A5 Number

SPECIAL ANALYTICAL SERVICES
Client Request

Regional Transmittal j_j Telephone Request

A. EPA Region/Client: — "" JJL-_______________________

B. RSCC Representative:

C. Telephone Number: (3/2)

D. Date of Request:

Site Name: rilrAOa t)UrK/3«
~ ~ ~ ^

Please provide below description of your request for Special Analytical Services under
the Contract Laboratory Program. In order to most efficiently obtain laboratory
capability for your request, please address the following considerations, If applicable.
Incomplete or erroneous information may result In a delay in the processing of your
request. Please continue response on additional sheets, or attach supplementary
information as needed.

1. General description of analytical service requested: _________________

2. Definition and number of work units involved (specify whether whole samples or
fractions; whether organics or inorganics; whether aqueous or soil and sediments;
and whether low, medium. or high concentration):

"

3. Purpose of analysis (specify whether Superfund (enforcement or remedial action),
RCRA, NPDES, etc.): _____________________._____________

C-5



4. Estimated date(s) of collection:

3. Estimated date(s) and method of shipment:
j' 6 At LOu/~iCS~ -f.KArcf. Ong.^ln/.^yyievrf' fix"

6. Number of days analysis'andaata required after laboratory receipt of samples:
30 _________________________

7. Analytical protocol required (attach copy If other than a protocol currently used in
this program): AaH->d> SIT*. •• ASTTn f>V/22

T>^y3o" Trihmi Shmr-.
S. Special technical instructions Of outside protocol requirements, specify compound

names, CAS numbers, detection limits, etc.): yg^ Atfe?cKyvkrt:t 1 (fa'ifdf sitt
*fK<

of^

IP
9. AnaJytTcal results required (if known, specify format for data sheets, QA/QC

reports, Chain-of -Custody documentation, etc.) If not completed, format of results
will be left to program discretion.

a ft? e&sJt AfacJ^r*4~d 2-

10. Other (use additional sheets or attach supplementary information, as needed):
Lob <Hai-» i . t i n l~* ff\£(4-cd at^d r\Bn—£*Mf*»*rt- i^iif/ fv ffc&fn**£.**ift
if \ah

11. Name of sampling/shipping contact:
Phone: (44)

c m z .
a > n v M / t>rJ"

8, Crrrf. OxO^ /lSTrr\D"2-y3/
c.



1 1
4 *

1 Ar\*)vh'c*/

1

II._ ji

; 7^7 rheJL

^^U£UJL/l^^C^



uoaZt^ ^vji^JCr^

dU^r^Ce^ &/\ <Gicxci^e^; ^/-£<^j£- yb
(/ »

\foMj~? <s/ 6^Vyyxz^>i>c^L£^ /tfs'U^ftfr-; \h&JU*-&& &Z
' T >, ^— t/x^^^^a^p <x r̂

A~0
^UA. Aj2J-*- < #

I'^t^c^Jb &^
~

jusU^^C^ductiVrfy ._„....



12. Data Requirements
Precision Desired

Parameter____ Detection Limit (-% or Concentration)
/^ " IflUt'A

f*
|?QjJ)c A/of

"• x

•4—

fv

13. QC Requirements
Limits

Audits Required Frequency of Audits (Percent or Concentration)

4
ID vltv fa^oUo swe

>0 V-

1*. Action Required if Limits are Exceeded

Please return this request to the Sample Management Office as soon as possible to
expedite processing of your request for special analytical services. Should you have any
questions or need any assistance, please contact /our Regional representative at the
Sample Management Office.
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SAMPLE PREPARATION ATTACHMENT 1

1.) Air-dry entire sample (see below), record air-dried weight (A)
2.) If the sample contains large pieces of material other than
soil such as wood, leaves, leather, mats of hair, etc., this
material should be removed by the analyst after the original air-
dried weight has been recorded. A short written description of the
material removed should be recorded. Record weight of material
removed (B).
3.) Record weight of air-dried soil submitted, (A) - (B).
NOTE: Air-dry sample by spreading out sample in an aluminum pan or
a crucible to dry. Length of time to air-dry sample (24 hours to
possibly several days) will depend on type of soil received and its
moisture content. Final air-dried soil should have <5% moisture.
MINIMUM SAMPLE SIZES

The air-dried soil is prepared for mechanical analysis as
described in ASTM D-421. The separation on the No. 10 sieve
results in a coarse and a fine fraction.

ASTM D-422 gives minimum sample sizes for samples with nominal
diameters of the largest particles ranging from 3/8" to 3".
Furthermore, these samples as well as samples with the largest
particles less than 3/8" require a minimum sample size to yield
portions passing a No. 10 sieve of 115 grams for sandy soils and
65 grans for silt/clay soils.

It is acceptable to use entire sample for analysis to meet
these minimum requirements.

If these minimum requirements are not possible due to
insufficient sample size, OR if the total weight of air-dried soil
submitted is less than 200 grams, CONTACT SMO IMMEDIATELY (SMO will
contact the Region). Give SMO the following information for the
samples not meeting the ASTM D-422 requirements or the 200 gram
requirement: sample numbers, sample weights, and required sample
weights. Region V CRL will determine whether to proceed with or
terminate analysis.

COARSE FRACTION:

Perform a sieve analysis of the portion retained on the No.
10 sieve according to the ASTM test method using the following
sieves: 3" (75 mm), 2" (50 mm), 1 1/2" (37.5 ma), 1" (25.0 mm),
3/4" (19.0 mm), 3/8" (9.5 mm), No. 4 (4.75 mm), No. 10 (2.00 mm).

FINE FRACTION:

Perform hydrometer, hygroscopic moisture, and specific gravity
analysis on the fraction that passes a No. 10 sieve. Give a
written description of the portion passing No. 10 sieve. If sandy,
use 100 grams for hydrometer analysis, and if clay/silt, use 50
grams for hydrometer analysis.

Perform a sieve analysis of the portion that passes a No. 10
sieve according to ASTM D-422 using the following sieves:
No. 20, No. 40, No. 60, No. 80, No. 100, No. 200.



ATTACHMENT 2

RAW DATA:

All hand-written raw data Bust be submitted, and should
include the following:

1.) Total air-dried weight of sample submitted (A).
2.) Total air-dried weight of extraneous material removed (B).
3.) Total air-dried weight of soil submitted (A) - (B).
4.) Total weight of soil retained on a No. 10 sieve.
5.) Total weight of soil passing a No. 10 sieve.
6.) Complete coarse fraction sieve analysis.
7.) Complete hydrometer analysis including time, temperature,

hydrometer readings, type of hydrometer, etc.
8.) Complete hygroscopic moisture analysis.
9.) Complete specific gravity analysis.

10.) Complete fine fraction sieve analysis.
11.) Written description of extraneous material removed (if any),

and of material passing a No. 10 sieve (sand or clay/silt).

Attachment 3 is suggested to be used as a raw data form by the
laboratory, or the laboratory may use their own raw data forms as
long as all required deliverables are included.

CALCULATIONS:

All calculations may be performed using a computer generated
spreadsheet, but both handwritten raw data AND computer
spreadsheets must be submitted as case deliverables.

REPORT:

Report results as percent finer than the specified particle
size. Present data as tabulated AND in the form of a grain-sized
distribution curve on a semi-logarithmic chart with percent finer
by weight plotted on the arithmetic scale and grain size plotted
on the logarithmic scale.
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Designation: D 421 - 85

Standard Practice for
Dry Preparation of Soil Samples for Particle-Size Analysis and
Determination of Soil Constants1

This standard n mutt under the fiied rtnJtrmioB D42I: Ac
ordinal adoption or. in the rue of rrnson. the yor oflM
tupencnpi eputon (() indicates an aditona) than* »ner the aw

aMMdjudy fe&wi* the (
A Mimbtr n punthoes radxa

IIVWM or mpproval.

ithe ycvof
(the jnr of IH napprovaJ A

1. Scope
1 . 1 This pranict covers the dry preparation or soil samples

ts received from the field for panicle-size analysis and the
determination of the soil constants.

1.2 This standard may involve hazardous materials, oper-
ations. and equipment This standard does not purpon to
address all of the safety problems associated *ith its use. It is
the responsibility of whoever uses this standard to consult and
establish appropriate safety and health practices and deter-
mine the applicability of regulatory limitations prior to use.

2. Referenced Documents
2.1 ASTM Standards
D22I7 Practice for Wet Preparation of Soil Samples for

Panicle-Size Analysis and Determination of Soil
Constants-"

E 1 1 Specification for Wire-Goth Sieves for Testing
Purposes'

3. Significance ind Use
3.1 This practice can be used to prepare samples for par-

ucle-size and plasuciu tests where n is desired to determine
lest values on air-dried samples, or where it is known that air
drying does not have an effect on test results relative to
samples prepared in accordance with Practice D 2217.

4. Apparatus
4.1 Balance, sensitive to 0.1 g.
4.2 Monar and Rubber-Covered Pestle, suitable for break-

ing up the aggregations of soil panicles
4.3 SVrvfj— A series of sieves, of square mesh woven wire

cloth, conforming to Specification E l l . The sieves required
are as follows.

So 4(4 'Smml
No lOlMXVmmi
So

4.4 Sampler—* riffle sampler or sample splitter, for quart-
ering the samples.

'This pramcr n under ihr junidmion of ASTM Committee D-ll on Soil and
Rock and u Itw direct mponubihi > of Subcommittee 011.03 on Tenure, na*tictt).
and Drnuu Channtnnici of Soils

Current edition approved J u l > Ifc 1915 Published September I9!5 OntinaJK
puoiiihrt uDO - 3* T Us: prcnou* edition D Cl - 51 (I9W.

3 Annual Bani alA5T\l Suinda'di. Vel 04.01
1 Annual Brvi of 4STU Siando'di. Vol 14 0:

5. SUBBliBg
S.I Expose the soil sample as received from the field to the

lir at room temperature until dried thoroughly. Break up the
aggregations thoroughly ia the mortar with a rubber-covered
pestle. Select a representative sample of the amount required
to perform the desired tests by the method of quartering or
by the use of a sampler. The amounts of material required to
perform the individual tests are as follows:

5.1.1 Panicle-Size Analysis—For the panicle-size analysis,
material passing a No. 10 (2.00-mm) sieve is required in
amounts equal to 115 g of sandy soils and 65 g of either silt
or day soils.

5.13 Tests for Soil Constants—For the tests for soil con-
stants, material passing the No. 40 (425-fim) sieve is required
in total amount of 220 g. allocated as follows:

Liquid limit
MBUC brail
CeBthfuft moonlit tq
Volumetric atmakafe
QMCIICW

Cnnu
100

15
10
30
6}

6. Preparation of Test Sample
6.1 Select that portion of the air-dried sample selected for

purpose of tests and record the mass as the mass of the total
test sample uncorrected for hygroscopic moisture. Separate
the test sample by sieving with a No. 10 (2.00-mm) sieve.
Grind that fraction retained on the No. 10 sieve in a mortar
with a rubber-covered pestle until the aggregations of soil
panicles are broken up into the separate grains. Then separate
the ground soil into two fractions by sieving with a No. 10
sieve.

6.2 Wash that fraction retained after the second sieving
free of all fine material, dry- and weigh. Record this mass as
the mass of coarse material. Sieve the coarse material, after
being washed and dried, on the No. 4 (4.75-mm) sieve and
record the mass retained on the No. 4 sieve.
7. Test Sample for Particle-Size Analysis

7.1 Thoroughly mix together the fractions passing the No.
10 (2.00-mm) sieve in both sieving operations, and by the
method of quartering or the use of a sampler, select a portion
weighing approximately 115 g for sandy soils and approxi-
mately 65 g for silt and clay soil for panicle-size analysis.

8. Test Sample for Soil Constants
8.1 Separate the remaining portion of the material passing

the No. 10 (2.00-mm) sieve into two pans b> means of a No.
40 (425-jim) sieve. Discard the fraction retained on the No.

§5



D421

40 sieve. Use the fraction passini the No. 40 sieve for the determination of the soil constants.
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. §ntf ffii n** or" tetmyifntn cf tush itfn.
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Designation: D 422 - 63 (Reapproved 1972)"

Standard Method for
Particle-Size Analysis of Soils1

•nut standard it awed wder the bed deMjnatxxi D422: tkc Mmbcr iauMdiMdj feOowiag the frsjimiinii
enpnaJ adoption or. in the ant of icvoien. the yew of la imnoa. A Mater • pairalhests ndtcaui the year of
superscript eptilon (.) indicate! in adrlana) ehanac »nce Ac last irhw» or reapproval

U« ycu of

" Non—Section : »ai added editorial); *nd Mibiequ abend n July IW«.

1. Scope
1.1 This method coven the quantitative determination of

the distribution of panicle sizes in soils. The distribution or
panicle sizes larger than 75 um (retained on the No. 200
sieve) is determined by sieving, while the distribution of
panicle sizes smaller than 75 um is determined by a
sedimentation process, using a hydrometer to secure the
accessary data (Notes I and 2).

Nan I— Separation m»y be nude on the No. 4 (4.75-mm). No. 40
125-jjm). or No. 200 (75-nm) sieve instead of the No. 10. For whatever

used, the size shall be indicated in the report.
NOTT 2—Two types or dispersion devices are provided: (1) a

lath-speed mechanical stintr. and (2) air disperson. Extensive iavciD-
faboas indicate that air-dispersion devices produce a more positive
Aspersion of plastic toils below the 20-tia size and appreciably less
degradation on all sues when used with saady soils. Because of the
definite advantages favohni air dispersion, its use is recommended. The
raufts from the two types of devices differ in magnitude, depending

i soil type, leading to marked differences in panicle size disribu-
. especially for sizes finer than 20 um.

2. Referenced Documents
2.1 ASTM Standards
O^rt Practice for Dry Preparation of Soil Samples for

••cie-Size Analysis and Determination of Soil
slants2

£ II Specification for Wire-Goth Sieves for Testing
Purposes'

E 100 Specification for ASTM Hydrometers4

3. Apparatus
3.1 Balances—A. balance sensitive to 0.01 g for weighing

the material passing a No. 10 (2.00-mm) sieve, and a balance
sensitive to 0.1 % of the mass of the sample to be weighed for
weighing the material retained on a No. 10 sieve.

3.2 Stirring Apparatus—Either apparatus A or B may be
med.

3.2.1 Apparatus A shall consist of a mechanically oper-
ated stirring device in which a suitably mounted electric
motor turns a vertical shaft at a speed of not less than 10 000
rpm without load. The shaft shall be equipped with a

'TtiB method n under the jurudxroofi of A5TM Committee D-llonSoi) and
•ark and B the direct mporuibtlity of Subcommittee Dlt.03 oe Tenure.
Jtaancity and Density Characiennici of Sotb

"<ntni edmon approved No* 21. 1963 Onpnally published 19]} Replace
-*:.

* Annual took ofASTH Standard. Vol CM 01
* Annual Boot ofASTHSiaxda'di. \o\ 14 0:
* Annual toot of ASTM Standards. Vol 14.01

replaceable stirring paddle made of metal, plastic, or bard
rubber, as shows in Fig-1. The shaft shall be of such length
that the stirring paddle will operate not less than fc in. (19.0
mm) nor more than IV* in. (38.1 mm) above the bottom of
the dispersion cup. A special dispersion cup conforming to
either of the designs shown in Fig. 2 shall be provided to hold
the sample while it is being dispersed.

3.2.2 Apparatus B shall consist of an air-jet dispersion
cup1 (Note 3) conforming to the general details shown in Fig.
3 (Notes 4 and 5).

NOTE 3—The amount of air required by an air-jet dispersion cup is
of tbe order of 2 ft'/min; some small air compresson are not capable of
supplying sufficient air to operate a cup.

NOT! 4—Another air-type dispersion device, known as a dispersion
tube, developed by Chu and Davidaon at Iowa State College, has been
shown to give results equivalent to those secured by the air-jet dispersion
cups. When it is used, soaking of tbe simple can be done in tbe
sedimentation cylinder, thus eliminating the need for transferring tbe
slurry. When the air-dupenion rube is used, n shall be so indicated in
the report.

Non 5—Water may condense in air lines when not in use. This
water oust be removed, either by using a water trap on the air line, or by
blowing the water out of the bne before using any of the air for
dispersion purposes.

3J Hydrometer—An ASTM hydrometer, graduated to
read in either specific gravity of the suspension or grams per
litre of suspension, and conforming to the requirements for
hydrometers 151H or 152H in Specifications E 100. Dimen-
sions of both hydrometers are the same, the scale being tbe
only hem of difference.

3.4 Sedimentation Cylinder—A glass cylinder essentially
18 in. (457 mm) in height and 2'4 in. (63.5 mm) in diameter,
and marked for a volume of 1000 mL. The inside diameter
shall be such that the 1000-mL mark is 36 ± 2 cm from the
bottom on the inside.

3.5 Thermometer—A, thermometer accurate to IT
(0.5*Q.

3.6 Sieves—A series of sieves, of square-mesh woven-wire
cloth, conforming to the requirements of Specification E l l .
A full set of sieves includes the following (Note 6):

' Detailed vortint dnwiap for thu cup an availablr at a aominaJ COM from
the AmenoJi Society for leant *"d MatenaM. 1916 Rare Si.. Philadelphia. PA
19103 Order Adjunfl No 12-404:2040

r»
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HG. 1 Dvtal of Mmng Paddhn

n. (7J-mm) No. 10 (2.00-mm!
B (JO-mm) No »(IJOi»m)

(37.5-mm) No. 40 <42S«n)
Nn. (25.0-mm) No. 60 (2JCH»m)
fc-m. (19.0-mm) No. 140 (lOfr^im)
Vin. (9.J-mm) No. 200 (7$-|tin)
No 4(4.7Smm)

Non 6—A ten of sieves giving uniform spanni of points for the
graph, as required in Section 17, ma> be used if desired. This an coasisu
of the fotlowing sieves:

J-4B. (7J-mm)
I Win (37.S-mm)
Win (19.0-mmi

No. 4 (4 7Smmi
No. K2.J6.min)

No I6(l.ll-mm)
No 30(6OHiiti)
No.
No.
No

3.7 H'o/^ £a;/! or Consiant-Temperaiure Room—A
water bath or consiant-temperature room for maintaining
the soil suspension at a constant temperature during the
hydrometer analysis. A satisfactory water tank is an insulated
tank that maintains the temperature of the suspension at a
convenient constant temperature at or near 68*F (20*C).
Such a device is illustrated in Fig. 4. In cues where the work
b performed in a room at an automatically controlled
constant temperature, the water bath is not necessary.

3.8 Bfaker—A. beaker of 250-mL capacity.
3.9 Timing Device—* watch or clock with a second

hand.

4. Dispersing Agent
4.1 A solution of sodium hexametaphosphate (sometimes

called sodium metaphosphate) shall be used in distilled or
demineralized water, at the rate of 40 g of sodium
bexametaphosphate/litre of solution (Note 7).

Non 7—Solutions of this (ah, if acidic, llowly icvert or bydrolyie
back to the onhophosphate form with a resuhint decrease in dispenive
action. Soluuons should be prepared frequently (at least once a month)
or adjusted to pH of S or 9 by means of sodium carbonate. Bottles
conuu'nini solutions should have the date of prrparation marked on
them.

4.2 All water used shall be either distilled or
demineralized water. The water for a hydrometer test shall

33
975

•4.2

FIG. 2 Diap*rsior) Cup* of Apparatus

be brought to the temperature that is expected to prcvifl
during the hydrometer test. For example, if the sedimenta-
tion cylinder is to be placed in the water bath, the distilled or
demineralized water to be used shall be brought to the
temperature of the controlled water bath; or, if the sedimen-
tation cylinder is used in a room with controlled tempera-
ture, the water for the test shall be at the temperature of nc
room. The basic temperature for the hydrometer test is 6TF
(20*C). Small variations of temperature do not introduce
differences that are of practical significance and do not
prevent the use of corrections derived as prescribed.

S8
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' 5. Test Sample
S.I Prepare the test sample for mechanical analysis as

outlined in Practice D 421. During the preparation proce-
dure the sample is divided into two portions. One portion
contains only panicles retained on the No. 10 (2.00-mm)
sieve while the other portion contains only panicles passing
the No. 10 sieve. The mass of air-dried soil selected for
purpose of tests, as prescribed in Practice D421, shall be
sufficient to yield quantities for mechanical analysis as
follows:

5.1.1 The size of the portion retained on the No. 10 sieve
shall depend on the maximum siie of panicle, according to
tfae following schedule:

Nominal Dumrcr of
L»r|rr Panicles.

IB ( m m )
Vi (9.5)
V. (19.0)

I (2341
IVi <3« I)

3 (16.2)

Approumiu Minimum
Mut of Poruon. |

500
1000
2000
HOC
4000
5000

5.1.2 The size of the portion passing the No. 10 sieve shall
be approximately 115 g for sandy soils and approximately 65
I for silt and clay soils.

5.2 Provision is made in Section 5 of Practice D421 for
weighing of the air-dry soil selected for purpose of tests, the
separation of the soil on the No. 10 sieve by dry-sieving and
washing, and the weighing of the washed and dried fraction
retained on the No. 10 sieve. From these two masses the
percentages retained and passing the No. 10 sieve can be
calculated in accordance with 12.1.

NOTE I—A check on the mass value and the thoreuthnes of
pulverization of the dods may be secured by weighing the ponton
passing the No. 10 neve and adding this value to the mas of the washed
and oven-dried portion retained on the No. 10 aieve.

SIEVE ANALYSIS OF PORTION RETAINED ON NO. 10
(2.00-tnm) SIEVE

6. Procedure
6.1 Separate the portion retained on the No. 10 (2.00-

mm) sieve into a serin of fractions using the 3-in. (75-mm),

t
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2-in. (50-mm), lVi-in. (37.5-mro), 1-in. (25.0-mm).
(19.0-mm), H-in. (9.5-mm), No. 4 (4.75-mm), and No. 10
sieves, or as many as may be needed depending on the
sample, or upon the specifications for the material under
test.

6.2 Conduct the sieving operation by means of a lateral
and vertical motion of the sieve, accompanied by a jarring
action in order to keep the sample moving continuously over
the surface of the sieve. In no case turn or manipulate
fragments in the sample through the sieve by hand. Continue
sieving until not more than I mass % of the residue on a
sieve passes that sieve during 1 min of sieving. When
mechanical sieving is used, test the thoroughness of sieving
by using the hand method of sieving as described above.

6.3 Determine the mass of each fraction on a balance
conforming to the requirements of 3.1. At the end of
weighing, the sum of the masses retained on all the sieves
used should equal closely the original mass of the quantity
sieved.
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D422
HYDROMETER AND SIEVE ANALYSIS OF PORTION

PASSING THE NO. 10 (ZJDO-va) SIEVE

7. Determination of Composite Correction for Hydrometer
Reading

7.1 Equations for percentages of soil remaining in suspen-
BOO, as fiven in 14.3. are based on the use of distilled or
demineralized water. A dispersing agent is used in the water,
however, and the specific gravity of the resulting liquid is
appreciably greater than that of distilled or demineralized
water.

7.1.1 Both soil hydrometers are calibrated at 68T (20*C),
and variations in temperature from this standard tempera-
ture produce inaccuracies in the actual hydrometer readings.
The amount of the inaccuracy increases as the variation
from the standard temperature increases.

7.1.2 Hydrometers are graduated by the manufacturer to
be read at the bottom of the meniscus formed by the liquid
on the stem. Since it is not possible to secure readings of soil
suspensions at the bottom of the meniscus, readings must be
taken at the top and a correction applied.

7.1.3 The net amount of the corrections for the three
hems enumerated is designated as the composite correction,
and may be determined experimentally.

12 For convenience, a graph or table of composite
corrections for a series of I" temperature differences for the
range of expected test temperatures may be prepared and
used as needed. Measurement of the composite corrections
may be made at two temperatures spanning the range of
expected test temperatures, and corrections for the interme-
diate temperatures calculated assuming a straight-line rela-
tionship between the two observed values.

7.3 Prepare 1000 mL of liquid composed of distilled or
demineralized water and dispersing agent in the same
proportion as will prevail in the sedimentation (hydrometer)
test. Place the liquid in a sedimentation cyclinder and the
cylinder in the constant-temperature water bath, set for one
of the two temperatures to be used. When the temperature of
the liquid becomes constant, insen the hydrometer, and,
after a short interval to permit the hydrometer to come to the
temperature of the liquid, read the hydrometer at the top of
the meniscus formed on the stem. For hydrometer 151H the
composite correction is the difference between this reading
and one: for hydrometer 152H it is the difference between
the reading and zero. Bring the liquid and the hydrometer to
the other temperature to be used, and secure the composite
correction as before.

8. Hygroscopic Moisture
8.1 When the sample is weighed for the hydrometer test,

weigh out an auxiliary portion of from 10 to IS g in a small
metal or glass container, dry the sample to a constant mass in
an oven at 230 ± 9*F (110 ± S'C), and weigh again. Record
the masses.

9. Dispersion of Soil Sample
9.1 When the soil is mostly of the clav and sill sires, weigh

out a sample of air-dry soil of approximately 50 g. When the
soil is mosiK sand the sample should be approximately 100

9.2 Place the sample in the 250-mL beaker and cover with
125 mL of sodium bexametaphosphate solution (40 g/L).
Stir until the toil is thoroughly wetted. Allow to soak for at
least 16 fa.

9.3 At the end of the soaking period, disperse the sample
further, using either stirring apparatus A or B. If stirring
apparatus A is used, transfer the toil • water slurry from the
beaker into the special dispenioo cup shown jo Fig. 2.
washing any residue from the beaker into the cup with
distilled or demineralized water (Note 9). Add distilled or
demineralized water, if necessary, so that the cup is more
than half full Stir for a period of 1 min.

NoTt 9—A tartr mit lyrinte is a convenient device for haadlu* the
water in the washing operation. Other devices include the wiin-water
bonk and a box with Book connected to a presumed danlkd wuer

9.4 If stirring apparatus B (Fig. 3) is used, remove the
cover cap and connect the cup to a compressed air supply by
means of a rubber hose. A air gage must be on the line 1
between the cup and the control valve. Open the control t
valve so that the gage indicates 1 psi (7 kPa) pressure (Note |
10). Transfer the soil - water slurry from the beaker to the *
air-jet dispersion cup by washing with distilled or •
demineralized water. Add distilled or demineralized water, if .
necessary, so that the total volume in the cup is 250 mL, but
no more.

NOTE 10—The initial air pressure of 1 nc is required 10 prevent Ac
•oil • water mixture from enierini the air-jet chamber when the mixnnr
is transferred to the dispenioD cup.

9.5 Place the cover cap on the cup and open the air :
control valve until the gage pressure is 20 psi (140 kPa). '.
Disperse the soil according to the following schedule:

ladci
Under 5
eu>20
OwJO

DuptTBOD Ptriod
mm

5
10
13

Soils containing large percentages of mica need be dispersed ^
for only 1 min. After the dispersion period, reduce the gage •
pressure to I psi preparatory to transfer of soil - water slurry !
to the sedimentation cylinder. •

10. Hydrometer Test (
10.1 Immediately after dispersion, transfer the soil - water

slurry to the glass sedimentation cylinder, and add distilled
or demineralized water until the total volume is 1000 mL j

10.2 Using the palm of the hand over the open end of the
cylinder (or a rubber stopper in the open end), turn the
cylinder upside down and back for a period of I min to
complete the agitation of the slurry (Note 11). At the end of
1 min set the cylinder in a convenient location and take
hydrometer readings at the following intervals of time
(measured from the beginning of sedimentation), or as many
as may be needed, depending on the sample or the specifica-
tion for the material under test: 2, 5, IS. 30, 60. 250. and
1440 min. If the controlled water bath is used, the sedimen-
tation cylinder should be placed in the bath between the 2-
and S-min readings.

NOTE II—The number of turns during this minute should be
approximately 60. couniini the lura upside down and back as r*o tuns

»
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Any vil remainint in the bottom or me cylinder durini the firs few
turns should be loaned by vigorous shatont of the cylinder wnik it is
• the inverted ponton.

10.3 When it is desired to tike a hydrometer reading.
artfully insert the hydrometer about 20 to 25 s before the
reading is due to approximately the depth it win have wben
the reading is taken. As soon as the reading is taken, carefully
remove the hydrometer and place h with a spinning motion
ia a graduate of dean distilled or demineralized water.

Nort 12—h is important to rtmovt the hydrometer immdincry
ate (Kb reading Readinp shall br taken at the top of the Beams
firmed by the suspnsioo around the sum. since h is not pcasibte to
gnat itadiap it the bottom of the meniscus.

10.4 After each reading, take the temperature of the
suspension by inserting the thermometer into the suspen-
sion.

11. Steve Analysis
11.1 After taking the final hydrometer reading, transfer

the suspension to a No. 200 (75-tim) sieve and wash with tap
water until the wash water is clear. Transfer the material on
the No. 200 sieve to a suitable container, dry in an oven at
230 ± 9*F (110 ± 5*C) and make a sieve analysis of the
portion retained, using as many sieves as desired, or required
for the material, or upon the specification of the material
under test.

CALCULATIONS AND REPORT
11 Sieve Analysis Values for the Portico Coarser than the

No. 10 (2.00-mm) Sieve
12.1 Calculate the percentage passing the No. 10 sieve by

dividing the mass passing the No. 10 sieve by the mass of soil
originally split on the No. 10 sieve, and multiplying the result
by 100. To obtain the mass passing the No. 10 sieve, subtract
the mass retained on the No. 10 sieve from the original mass.

12.2 To secure the total mass of soil passing the No. 4
(4.75-mm) sieve, add to the mass of the material passing the
No. 10 sieve the mass of the fraction passing the No. 4 sieve
and retained on the No. 10 sieve. To secure the total mass of
soil passing the H-in. (9.5-mm) sieve, add to the total mass of
soil passing the No. 4 sieve, the mass of the fraction passing
the H-in. sieve and retained on the No. 4 sieve. For the
remaining sieves, continue the calculations in the same
manner.

12.3 To determine the total percentage passing for each
sieve, divide the total mass passing (see 12.2) by the total
mass of sample and multiply the result by 100.

13. Hygroscopk Moisture Correction Factor
13.1 The hydroscopic moisture correction factor is the

ratio between the mass of the oven-dried sample and the
air-dry mass before drying. It is a number less than one,
except when there is no hygroscopic moisture.

14. Percentages of Soil in Suspension
14.1 Calculate the oven-dry mass of soil used in the

hydrometer analysis by multiplying the air-dry mass by the
hygroscopic moisture correction factor.

TAJLE 1 VatuM of CofTKfJon Factor,
OratttMOfSol

us
UO
us
UO
ft.75
170
ue
UO
us
UO
145

0.*
OK
OJ6
OJ7
OJ6
OJ9
1X0
U01
1X2
1X3
1XS

Fa UM m equator »» OB Mst FWTVnnQ aTl

14.2 Calculate the mass of a total sample represented by
the mass of soil used in the hydrometer test, by dividing the
oven-dry mass used by the percentage passing the No. 10
(2.00-mm) sieve, and multiplying the result by 100. This
value is the weight H7 in the equation for percentage
remaining in suspension.

14.3 The percentage of soil remaining in suspension it the
level at which the hydrometer is measuring the density of the
suspension may be calculated as follows (Note 13): For
hydrometer 1S1H:

x CKG - G,)XA - <7.)
NOTE 13— Tbe bracketed portion of the equiooo lor hydrometer

I51H is constant for i scries of readinp tad miy be calculated first sad
then muhipUed by the portion in the parentheses.
For hydrometer 1S2H:

^-(Aa/KOx 100
where:
a • correction faction to be applied to the reading of

hydrometer 152H. (Values shown on the scale are
computed using a specific gravity of 2.65. Correction
factors are given in Table 1),

P - percentage of sou* remaining in suspension at the level
at which the hydrometer measures the density of the
suspension,

R. « hydrometer reading with composite collection ap-
plied (Section 7),

W - oven-dry mass of soil in a total test sample repre-
sented by mass of soil dispersed (see 14.2), g.

C - specific gravity of the soil panicles, and
C, - specific gravity of the liquid in which soil panicles are

suspended. Use numerical value of one in both
instances in the equation. In the first instance any
possible variation produces no significant effect, and
in the second instance, the composite correction for K
is based on a value of one for C,.

IS. Diameter of Soil Particles
15.1 The diameter of a particle corresponding to the

percentage indicated by a given hydrometer reading shall be
calculated according to Stokes* law (Note 14), on the basis
that a panicle of this diameter was at the surface of the
suspension at the beginning of sedimentation and had settled
to the level at which the hydrometer is measuring the density
of the suspension. According to Stokes' law:

D - V[30"/i/980(C - C,)] x LJT
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where:
D « diameter of particle, mm,
n « coefficient of viscosity of the suspending medium (in

this case water) in poises (vines with changes in
temperature of the suspending medium),

L - distance from tbe surface of the suspension to tbe
level at which tbe density of the suspension is being
measured, cm, (For a given hydrometer and sedimen-
tation cylinder, values vary according to tbe hydrom-
eter readings. This distance is known as effective
depth (Table 2)),

7 « interval of time from beginning of sedimentation to
tbe taking of tbe reading, min.

C - specific gravity of soil panicles, and
C, - specific gravity (relative density) of suspending me-

dium (value may be used as 1.000 for all practical
purposes).

t

NOTE H — Since Stokes' !•» coniidm tbe lenniaa) velocity of •
•nfk tpben fallini in an infinity of liquid, tbe sze calculated icpmtui
the diameter of sphere that would fall at tbe same nte a* the toil
panicles

15.2 For convenience in calculations tbe above equation
may be written as follows:

where:
K « constant depending on the temperature of the suspen-

sion and the specific gravity of the soil panicles. Values
of K for a range of temperatures and specific gravities
are given in Table 3. The value of A" does not change for
a series of readings constituting a test, while values of L
and T do vary.

15.3 Values of D may be computed with sufficient accu-
racy, using an ordinary 10-in. slide rule.

Non 1 5— The value of 1 is divided by T usini. the A • and incates,
the square root being indicated OB tbe £>-tcaJe Without ascertaining the
value of the square root it may be multiplied by A', usint either the C- or

16. Sieve Analysis Values for Portion Finer than No. 10
(2.00-mm) Sieve

16.1 Calculation of percentages passing the various sieves
used in sieving the portion of the sample from the hydrom-
eter test involves several steps. The first step is to calculate
the mass of the fraction that would have been retained on the
No. 10 sieve had it not been removed. This mass is equal to
the total percentage retained on the No. 10 sieve (100 minus
total percentage passing) times the mass of the total sample
represented by the mass of soil used (as calculated in 14.2),
and the result divided by 100.

16.2 Calculate next the total mass passing the No. 200
sieve. Add together the fractional masses retained on all tbe
sieves, including the No. 10 sieve, and subtract this sum from
the mass of the total sample (as calculated in 14.2).

16.3 Calculate next the total masses passing each of tbe
other sieves, in a manner similar to that given in 12.2.

16.4 Calculate last the total percentages passing by di-
viding the total mass passing (as calculated in 16.3) by the
total mass of sample (as calculated in 14.2), and multiply the
result by 100.
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22
23
24
25

26
T
28
29
X

rST *

16J
IS i
16.0
IS*
1S.6
UJ

15J
167
1S.O
14J
14.7

144
14.3
147
14.0
13J

13.7
13J
133
137
13.0

12.9
12.7
12.5
124
127

12.0
11.9
11.7
11.5
11.4

Aeme)
B^Mkv^BB^̂ ^vlywwr

31
32
33
34
35

36
37
38
36 '
40

41
42
43
44
45

46
47
48
49
SO

SI
S2
S3
»4
K

66
87
S8
S9
SO

t.cm'
117
11.1
104
10.7
104

104
107
10.1
•4
§.7

9)4
t.4
6)7
S.1
SJ

•4
M
•.4
SJ
til
74
74
74
74
7.3

7.1
74
SJ
U6
SJ

' Value* at effect* depm art eeieuatee from Vw equaoorv

•Mr»:
t ••fleet*)
i . <fci»jn^ *

l-t

•asm. cm.

, * v»l

} 9*u kw î

L, - OW«)]

.,__ . ,r» tfvs ft iM >>•<•,••

mt\ for • hyO^omtlty fMdfiQ cm,
t, * owrtf tangvi of v» hydromur bub em.
Vg • W6\jnt of fiĵ rQfTiftiy ou»&. tff*. «V*3
4 • ero**-*ec«onal era* or teojmentatcri eyino*. em>
Value* ueea in calcUetog the valuet r TaH* 2 are a* " "
For boti hyo>ome«er*. 1S1H and 1S2H:
t, -144 em
V, -87-Oom1

4 •rJem>
•bv Ikfe^fcHW^eM^ 4614U-r^f nywwiWiv i9m>
L, •lOSemtoraraaolngof 1.000

- 24 cm tor a readng el 1431
For hydrometer 1S2H:
t, • 10.S em tor a raeoing of 0 g/Hn

• 2 J em tor a readng o< SO ft*w

17. Graph
17.1 When the hydrometer analysis is performed. a graph
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LOT,
11.2
11.1
109
107
10.6

104
10J
10.1
• 9
0.7

94
»i
91

•J
• 6

4
/a

S.1

7J
7J
7.6
74
7J

*..
66

etoi

TABLE 9 VttiM or * for UM vt cquvDon tor cofnpOBng PMfin»f Of PWCM vi fiywoimr
Tflfflptrvturv.

•c
" IB

17
It
It
20

21
22
23
24
25

26
27
28
29
30

245
0.01510
0.01511
0.01492
0.01474
0.01456

Oil 438
0.01421
04H404
04)1 3M
04M372
0.01367
0.01342
04H327
0.01312
0.01 2M

ISO
0.01505
0.01 4B6
0.01467
0.01449
0*1431

OJ>1414
04)1397
0.01381
04)1385
0.01349

0.01334
0.01319
04)1304
04)1290
0.01778

246
04)1481
0.01462
0.01443
0.01425
04)1408

04)1391
04)1374
04)1358
0.01342
04)1327

04)1312
0.01297
04)12*3
04H2W
04)1256

•PM*
24K>

04)1 457
04)1439
0.01421
04)1403
•4)13*6

W13M
04)1353
0471337
04)1321
04)1308

0471211
04)1277
04X12*4
04)1249
0.01236

: Onj««y of Sol 1
US

04)1435
04)1417
04)1399
04H382
04)1365

04)1)4*
04)1332
04)1317
•4)1301
04)12*6

04)1272
04)1256
04)1244
04)1230
04)1217

•amiilii
2.TO

04)1414
04)1306
04)1378
04)1361
04)1344

04)132*
04)1312
04)12*7
04)12*2
04712*7

04)1253
04)123*
04)1256
04)1212
04)1109

2.75
04)13*4
04)1 376
04)136*
04H342
04)1325

04)130*
•012*4
•47127*
•4)12*4
04)1249

04)1235
04)1221
04)1206
04)11*5
•4)1102

MMiyM

24B
04)1374
04)1366
0.01339
0.1323

04)1307

•412*1
•J0127*
•4)12*1
•4)1246
•471232

04)1211
04)1204
•4711*1
0471171
04)11*5

2J5
•4)1356
04)1338
•4)1321
04)1305
04)12**

•4)1 273
04)1258
•4)1243
04)122*
04)1215

•01201
04)1108
•471175
04711*2
04)114*

of the test results shall be made, plotting the diameters of the
particles on a logarithmic sale as the abscissa and the
percentages smaller than the corresponding diameters to an
arithmetic scale as the ordinate. When the hydrometer
analysis is not made on a portion of the soil, the preparation
of the graph is optional, since values may be secured directly
from tabulated data.
18. Report

18.1 The report shall include the following.
. 18.1.1 Maximum size of panicles.

18.1.2 Percentage passing (or retained on) each sieve,
which may be tabulated or presented by plotting on a graph
(Note 16),

18.
18.
18.

.3 Description of sand and gravel panicles:

.3.1 Shape—rounded or angular.

.3.2 Hardness—hard and durable, soft, or weathered
and friable.

18. .4 Specific gravity, if unusually high or low,
18. .5 Any difficulty in dispersing the fraction passing the

No. 10 (2.00-mra) sieve, indicating any change in type and
amount of dispersing agent, and

18.1.6 The dispersion device used and the length of the
dispersion period.

NOTE 16—This tabulation of graph itpmrnts the fndatioD of the
•ucple tested. If particles Urier thin those contained ie the ample were
removed before testinf. the repon shaD to Bate (ivio| the amount and
mauraura size.

18.2 For materials tested for compliance with definite
specifications, the fractions called for in such specifications
shall be reported. The fractions smaller than the No. 10 sieve
shall be read from the graph.

18.3 For materials for which compliance with definite
specifications is not indicated and when the soil is composed

almost entirely of particles passing the No. 4 (4.75-mm)
sieve, the results read from the graph may be reported is
foDows:
</) Or*.
V) Saad.

<4>)Ceane
No. 10 are

3-ia. aad miMd oa No. 4 airvt
No. 4

No. 40»evt

3001
Sft fat. 04P4 to 0.005 ma
day aot, ^MDcr tkaa 0.005 aaa

CoOodL MaDcr tfaaa 0.001 mm

.%

.«

.ft

.«

.«

18.4 For materials for which compliance with definite
specifications is not indicated and when the soil contains
material retained on the No. 4 sieve sufficient to require a
sieve analysis on thai portion, the results may be reported ts
follows (Note 17):

BEVE ANALYSIS

Sim Sot
J-in.
J-io
IW-IB
l-io

No. 4 (4.7S-M)
No. I0(24)0-Ba)
No. 40(42VwD)

HYDROMFTEX ANALYSIS
0.074 mm
0405 BUD

Non 17—No. I (2.36-mra) aad No. 90 (300-nm) seves may be
aubstituted for No. 10 aad No. 401

graph

77w America/) Soefcry tar Tt*ing v* UMUft tttm no pocftan rmpteting ff» Mttly of any f**t hgtn
vtft any t«n mtrtar+a *i 0M mmtrt Uttn * gwt * tnstrt m •ifnutj atfXMtf tft« 0*imin*len * fm nUtj 9 any aucft
p*** ngfn, we tt* m* c* r*rrytm*i cf me* rigfiB. an tnftff thtt own /MporaMtx

tucket 10 rfr»&i * «fy timt fey tht rm(tm&i cM/ eonvnltm ma mat 6» fty« y<«n me
mtrorrvn Yo* oamrwB tn M*) tih* to r*itcfi et tfia sur&rt et let nait&vl *ur&r&

art t/ioutf M KUrtuta to ASTV HMdgu4rt*i rax oommcm »• flK»Vt e**W ocnMv«f/on « « mMtae ^ M fHpontfM
*' commAM. wA-c'i r=«- "Wy •nnf I you tttl th* far eommtrti fttrt ntf rw»v«0 t C*f AMnnp r* **UB man four
tnown ro W» AS TV C»rvneM on S*™J*T3t. TJTJ Ufa* St., ftVtoOHon* PA >9>03.
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Designation: D 854 - S3
MSKTONe:Tl«

Standard Test Method for
Specific Gravity of Soils1

Tbh tundanj B HMtd under the Bud trmtwion 0154: the Miaber jmimdatrty foOc*ria| the rtrsifniiinii
oncinaJ adoption or. in the eat of ITOBOB. the year oTlaa icvaion. A lumber m paitmhexnadxaia the year at
suprncnpt epulon d) indicata MI ediional chanfe «not the IM ICVHOB or nappreval.

the jar of
A

1. Scope
1.1 This lest method covers determination of the specific

gravity of soils by means of a pycnometer. When the soil is
composed of particles larger than the No. 4 (4.75-mm) sieve,
the method outlined in Test Method C 127 shall be followed.
When the soil is composed of panicles both larger and smaller
than the No. 4 sieve, the sample shall be separated on the
No. 4 sieve and the appropriate test method used on each
portion. The specific gravity value for the soD shall be the
weighted average of the two values (Note 1). When the specific
gravity value is to be used in calculations in connection with
the hydrometer portion of Method D 422, h is intended that
the specific gravity test be made on that portion of the soil
which passes the No. 10 (2.00-mm) sieve.

Nan I—The weighted average specific pivity should be calculated
usinf the following equation

1

where:
G,., = weighted average specific gravity of soils composed of

panicles larger and smaller than the No. 4 (4.75-mro)
sieve,

/?, • percent of soil panicles retained on the No. 4 sieve,
P, - percent of soil panicles passing the No. 4 sieve,
C, * apparent specific graviry of soil panicles retained on

the No. 4 sieve as determined by Test Method C 127,
and

C: « specific gravity of soil panicles passing the No. 4 sieve
as determined by this test method.

1.2 The values stated in acceptable metric units are to be
regarded as the standard

1.3 This standard may involve hazardous materials, oper-
ations, and equipment. This standard does not purport to
address all of the safety problems associated with its use. It is
the responsibility of whoever uses this standard to consult and
establish appropriate safety and health practices and deter-
mine ihe applicability of regulatory limitations prior to use.

' Thn tea method it under the juriidinion of ASTM Committee D-ll OB Soil
and Rock and n the diren rnpontibilit) of Subcommittee D11.03 oe Tenure.
PUfticiiy. and Denviy Charanehsuci of Soih.

Currtni edition approved Nov. 21. 1913 Published Januan 1914. Originally
tuu r tuD!M-4! Las previous edition DIM - SI (1979)

2. Referenced Docweats
2.1 ASTM Standards:
C 127 Test Method for Specific Gravity and Absorption of

Coarse Aggregate2

C 670 Practice for Preparing Precision Statements for Test
Methods for Construction Materials7

D 422 Method for Particle-Size Analysis of Soils'
E 12 Definitions of Terms Relating to Density and Specific

Gravity of Solids, Liquids, and Gases'

3. Definition
3.1 specific gravity—the ratio of the mass of a unit volume

of a material at a stated temperature to the mass in air of the
same volume of fas-free distilled water at a stated temperature
(per Definitions E 12).

4. Signiflcuce «od Use
4.1 The specific gravity of a soil is used in almost every

equation expressing the phase relationship of air, water, and
solids in a given volume of material.

4.2 The term "solid panicles," as used in geotechnical
engineering, is typically assumed to mean naturally occurring
mineral panicles that are not very soluble in water. Therefore,
the specific gravity of materials containing extraneous miner
(such as cement, lime, etc.), water-soluble matter (such •
sodium chloride), and soils containing matter with a specific
gravity of less than one, typically require special treatment or
a qualified definition of specific gravity.

5. Apparatus
5.1 Pycnomeier—Either a volumetric flask having a capac-

ity of at least 100 ml or a stoppered bottle having a capacity
of at least SO mL (Note 2). The stopper shall be of the same
material as the bottle, and of such size and shape that it can
be easily insened to a fixed depth in the neck of the bonk,
and shall have a small hole through its center to permit the
emission of air and surplus water.

NOTE 2—Tbe use c/eiUtt the volumevKflasfc or the stoppered beak
is a matter of individual preference, but in teneral. the flask should be
used when a larger simple than cu be used in the stoppered book •
•ceded due to maximum arain size of the sample.

'Annual took of ASTM &an*/rfs. V«104 0:
'Annual foot of ASTM Standard}. Vol (M.Ot
• Annual Book ofASTMSia»dardi.\o\ 15.05
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5.2 Balance—Either • balance sensitive to 0.01 | Tor use
with the volumetric flask, or a balance sensitive to 0.001 g
for use with the stoppered bottle.

6. Calibration of PycaoBeter
6.1 The pycnometer shall be cleaned, dried, weighed, and

the weight recorded. The pycoometer shall be filed with
dialled water (Note 3} essentially at room temperature. The
weight of the pycnometer and water. B» shaD be determined
and recorded. A thermometer shall be inserted in the water
and its temperature T. determined to the nearest whole de-
gree.

NOTE 3—Heroine is • better wetting agent thu waier far BOB nils
and nuy be used in place of dialled water for o»ta-dried Maples.

62 From the weight H't determined at the observed tem-
perature T, a table of values of weights »'. shaD be prepared
for a series of temperatures that are likely to prevail when
weights H; are determined later (Note 4). These values of Wt
shall be calculated as follows:
"'. (ai 7,) - (density of water at 7,/densiry of water at 7>)

x(K;(air.)-»'«•+IT,
where:
H. « weight of pycnometer and water, g.
H', • weight of pycnometer, g.
T. • observed temperature of water. * C, and
7. « any other desired temperature. * C.

NOTE 4—This method provides a procedure that is rood convenient
far laboratories making man> determinations with the same pycnometer.
h is equally applicable to a single determination. Bringing the pycnometer
and contents to some designated temperature when weights H. aad H',
an taken, requim considerable time. It is much more convenient to
prepare a table of weights H; for various temperatures likely to prevail
when weights H; air taken, li is imponant that weights H'. and H, be
based on water ai the same temperature VaJues for the relative densu
of water at temperatures from 18 to 30*C arc given in Table 1.

7. Sampling
7.1 The soil to be used in specific gravity test may contain

hs natural moisture or be oven-dried. The weight of the test
sample on an oven-dry basis shall be at least 25 g when the
volumetric flask is to be used, and at least 10 g when the
stoppered bottle is to be used.

7.2 Samples Containing Natural Moisture—When the
sample contains its natural moisture, the weight of the soil.

TABLE 1 ftetatrvt Denarty of Water and Conveftton Factor K For
Varioua T*mp*ratur»a

Tampvatvn.
•C
18
19
20
21
22
23
24
25
26
27
28
29
30

K4Utive Dvwty
OtWatr

0.9986244
0.9984347
09982343
09980233
09978019
09975702
0.9973286
0.9970770
09968156
09965451
09962652
09959761
09956780

Factor*
1.0004
1.0002
1.0000
0.9998
0.9996
09993
0.9991
0.9989
09986
09943
0998C
0.9977
09974

DtS4

W* on an oven-dry basis shall be determined at the end of
the test by evaporating the water in an oven maintained at
230 *9*F (110 ±5*Q (Note 5). Samples of day soils contain-
ing their natural moisture content shall be dispersed in dis-
tilled water before placing in the flask, using the dispersing
equipment specified in Method D 422 (Note 6).

7 j Oven-Dried Samples—"When an oven-dried sample is
to be used, the sample shall be dried for ai least 12 h, or to
constant weight, in an oven maintained at 230 ±9T (110 ±
5*Q (Note 5), cooled in a desiccator, and weighed upon
removal from the desiccator. The sample shaD then be soaked
in distilled water for at least 12 h.

MOTE 5—Drying of certain aotb at I I(TC may briag about leas of
SMMtuit of compostjon or bydntioa, aad in web cases drying ahaD be
done, if dewed, ia reduced air preasure aad at a lower temperature.

Won 6—Tbe auainuo vohtax of slurry that oaa be prepared by the
cbpeniag equipment •panned ia Method D422 is aucb that a 900-ni.
Bask is needed at the pycaonxtcr.

8. Procedure
S. I Place the sample in the pycnometer, taking care not to

lose any of the soil in case the weight of the sample has been
determined. Add distilled water to fill the volumetric flask
•bout three-fourths full or the stoppered bottle about half
full.

8.2 Remove entrapped air by either of the following meth-
ods: (7) subject the contents to a partial vacuum (air pressure
not exceeding 100 mm Hg) or (2) boil gently for at least 10
min while occasionally rolling the pycnometer to assist in the
removal of the air. Subject the contents to reduced air pressure
either by connecting the pycnometer directly to an aspirator
or vacuum pump, or by use of a bell jar. Some soils boil
violently when subjected to reduced air pressure. It will be
necessary in those cases to reduce the air pressure at a slower
rate or to use a larger flask. Cool samples that are heated to
room temperature.

8.3 Fill the pycnometer with distilled water, dean the
outside and dry with a clean, dry cloth. Determine the weight
of the pycnometer and contents, H* and the temperature in
degrees Celsius, Tn of the contents as described in Section 6.
9. Calculation and Report

9.1 Calculate the specific gravity of the soil, based on water
at a temperature 7,, as follows:

Specific gravity. TJT, - WJ[W. + (H. - H;)]
where:
H; - weight of sample of oven-dry soil. g.
H', - weight of pycnometer filled with water at temperature

r,(Note7),g,
H'» « weight of pycnometer filled with water and soil at

temperature 7,, g. and
7, - temperature of the contents of the pycnometer when

weight Wt was determined, * C.
NOTE 7—This value shaD be taken from the table of values of »'„

prepared in accordance with 6.2, for the temperature prevailing when
weight Wt was taken.

9.2 Unless otherwise required, specific gravity values re-
ported shall be based on water at 20'C. The value based on
water at 20'C shall be calculated from the value based on
water at the observed temperature 7,, as follows:
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Dt54
the No. 4 (4.75-mm) sieve are given as follows (Note 8):

Material and Typtladei

Specific gravit), TJ20 C»Xx specific gravity, TJT,
where:
K « a number found by dividing the relative density of

water at temperature T, by the relative density of water
at 20*C. Values for a range of temperatures are given
in Table 1.

9.3 When it is desired to report the specific gravity value
based on water at 4'C, such a specific gravity value may be
calculated by multiplying the specific gravity value at tern*
perature T, by the relative density of water at temperature

9.4 When any portion of the original 'sample of soD is
eliminated in the preparation of the test sample, the portion
on which the test has been made shall be reported.
10. Pndsfee aad Bias

10.1 Criteria for judging;the acceptability of specific gravity
test results obtained by this test method on material passing

Tht Ananean Saottf lor Ttttng me UnritH Maa no poctan rmpteang tfm uttaff & any panvr rigtn
wt* »iy in* mtnonta fi tftg irmflartf. u»m ef n» minotrt m •*&****/ to> ma vm ammtmien at an ntatf el any avcft
p*tn ngm. irte tr* t* ct Hrng*r*t et me* rtgfia. *i

drnanoa vajuei far DocxoheB* tab m WL

NOTE I—The fiaum pvcn ia Cohuna 2 art the suadard
that ha«t hen found to be appropriate for the material*
Coiuau 1. The &fum stvta ia Coluau 3 are the baits that ateuU am
be ocecdtd by the tfiftcxtace hetvcea the itsuto of two prapcrt)
CjoocHicttd

r*ri*on m any *n» 0y ff» r &v, a/c antf mutt b» r mttry
f HT ni n«l tffia nunmnqor •rvrrnin Var eommwn an *»t«ff«*fi»r letr*man&tf*nt»ratre er lot
•ne *AOU« te taartute » ASTW Nnoquyian Xou oommt/n •* /KOII ear*U oonaj0*rar«n ar
ajcftne*' cumrngtu. KfneA fou may mno. IT you tar Mr yoa commam Mc«« nor neouc a tar /nanng |«u «rtou» ma** jrevr
wivws kno«n re ffx ASTW Comnra* en Sranovtn TBJ« %o* St.. •MMMBM. M I»T03
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Designation: 0 4311 - M

Standard Test Method for
LIQUID LIMIT, PLASTIC LIMIT, AND PLASTICITY INDEX OF
SOILS1

Tkn ****** n imttil «*4rr iftr fiif* tt*tr*\t»* 0 Oil: Mi tmmtm uMMriy
<*« «r in IM nM «f «II»»IL IM rw «f U« (*»»•• A mute*

1.1 irxma ** MiMnti cM*|r mm on IM ir»ix> v

I. Scopt
I. I This ten method coven the determination

of the liquid hmiu ptaaic limit, and the piasicity
index of toils u defined in Section 3.

I.I.I Two procedure for preparing test spec-
imens and r*o procedures for performing the
liquid limit arc provided u follows:

A Multipoint ten usin| a wet preparation
procedure, described m Sections 10.1. II.
and tl

I Multipoint ten usinf a dry preparation
procedure, described in Sections 10.2. U.
and 11

C One-point test using a wet preparation pro-
cedure, described IB Sections 13, M, and
13.

D One-point tesuiini i dry preparation pro-
cedure, described IB Seruotu 13. 14, and
IS.

The procedure 10 be uacd thai! be specified by
the requesting authority. If no prectdun is spec-
ified, Procedure A shall be used.

Hon 1— fncr »th* jrionmi eS this ic* mnhod.
* evr*»d iro t̂ni tool *w w*eu*Md u am e/ Uw
•petnua <br pcrforminf UM liquid limn ML Tfc«
cufvrt \oai a MI canMcrttf ta bt «i weunit u UK
fbi tool ttarnard m i.2 »•« » doa MI emtrof the
devil«(iht ted ii UK hawid Umu cup Ho~r*tr. iticrr
an MUM data «tiict ladjcau uui r»veiil> »« bouid
bmii • difMJr inoTM«a *hu UM (Ui tool • mrt
lawad e/uu ew»*d wei.

1.1.2 The plane limit test prectdun n de-
scribed in Sections 16. I?, and II. The plane
limit ten is performed on material prepared for
the liquid Umu ten. In effect, then an two
procedures for prtpannt, ten specimens for Utc
ptuuc Umu ML

1.1 J The procedun for caJculausg the piat-
ticiry indes « given in Section 19.

1.2 The liquid limit and ptatuc limit of soils
(along with the shrinkage b'mh) an often codec-
tjvtly refemd to at the Atierberi uraiu in nc-
ofnitioa of their formation by Swedish toil tri-
cmift. A. Ancrberi. These b'mia dinnfuiah the
boundaries of the several consisuacy nates of
plane toils.

U AS oscd in this ten method, toil it any
natural asyeiauon of mineral or organic mate-
nail, matures of such materials, or artificial ma-
tures of agcnptes and natural mineral and or-
ganic panicles.

1.4 The multipoint liquid limit procedun is
somewhat more urne consttmini than the one-
point procedun when both an performed by
experienced operators. However, the one-point
procedure requires the operator to judfe when
the ten specimen b approximately at its bquid
b'miu U cases when this is not done rehabty. the
multipoint procedun is at la* at the one-point
procedun and provides additional precision due
to Use information obtained from additional
thai*. It is particularly recommended that the
multipoint procedun be used by inexperienced
operators.

1.5 The comiations on which the calculations
of the one-poim procedun an bated may not be
valid lor certain toils, such at orpruc toils or
toils from a mannc environment. The bquid

•TlMM
•MMI frit •§!•)•* ftan IM • M end

OlLMwTi

Oft.».in«

o«)H-ir
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<SD> 04311

limn of tltcx teili should therefore be deter-
mined by the multipoint procedure (Procedure
A).

1.6 The liquid and plastic limits «f many toils
that ha»e been allowed to dry before wrong may
be considerably different from values obtained
on undrwd samples. If the liquid and plane
limiu of wits are used 10 correlate or miniate
the engineering behavior of soils in their natural
mow tute. samples should not be penmrted to
dry before testing unless data oa dned samples
are specifically desired.

1.7 The composition ud concentration of
soluble salts in a soil affect the values of the
liquid and plastic limits at wcit is the water
content values of soils (sec Method 02216).
Special consideration should therefore be given
to soils from a marine environment or other
sources where high soluble ait concentrations
may be present The decree to which the salu
present m these sods are diluted or concentrated
must be liven consideration if meaningful results
are to be obtained.

I.I Since the tesu described herein art per-
formed only on thai portion of a soil which panes
the <Z5-um (No. *0) sieve, the relative contri-
bution of this portion of the soU to the properties
of the sample u a whole must be considered
when usiai these tests to evaluate the properties
of a soil.

1.9 The values stated in acceptable metric
units are to be retarded as the standard. The
values given in parentheses are for information
only.

1. 10 TTttl ttVttard mov wnwfr* ktsardovs
maitnait. optrtnott. t*4 t^uifmtm. Thn
standard lea not fufv* to *Umt til oftht
safrtv froottmt tstoetfitd wirA 10 tttt It a tttt
reipwvtbilny of »40n«r uttt ilia se*4v4 to
(ontuli tn4 tvabtitk wopnat tafety v\4
Arc/iA /rtaien vd fntrmmt the aopiitobiluy
offffuiaioty lirnuaitOM ff»«r if itst.

2.1 ASTM Standard*:
C 702 Methods for Reducing Field Samples of

Atgreiate to Totinf Sut:
D 75 Practice for Sampiini Autrvtau*'
0'20 Recommended fncuct for Investitat-

inf and S*mplin» Soil and Rock for Enp-
neenng Purposes'

O653 Terms and Symbols Retatint 10 Soil
and Reck Mechanics*

0 1241 Specification lor Materials (or Soil-
Aurefste Subbasc. lase. and Surface
Courses'

D 2216 Method for Uboratory Determination
of Water (Moisturt) CoAicai of SoU. Rock.
and SoU-Aajretate Misturea*

D2240 Ten Method far Rubber Proprny—
Durometer Hardnau*

O 2«|7 Test Method for CU»nc«uo« of Soils
for Enpneenni Purposes'

O 2411 Practice <br Oeenptien and Identifi-
cation of Soft (Visual-Manual Proctdurer

D1212 Praetici for CUoifieatMn of Soils and
Sod-Atfrefau Matures Car Hithwiy Coa>
wveoon Purposas*

E II SoaciAeatien for WjreOoth Sieves for
Tc*in« Purposes'

E 319 Method* of Terana. SinaJe-Ann lai-
anets*

E 191 Method of Tesung Top-Loadins, Di>
reei-Rcadini Laboratory Scale aad ftai-
ancat*

3. OefiniiioAS
J.I Antrbtrg //mia—«niinally. seven 'limits

of consistency* of fine-trained soils were defined
by Albert Anerbers, In ctirrent cnftnecnng usafe.
the term usuajly refen only to the liquid ItmiL
plasuc limit, and ia some references, the shrink-
age limit.

3.2 awtflfiio—the relative case with which
a soil an be deformed,

3.3 liqvd /""« ff fj—thf water content, in
perccai. of a soil at the arbitrarily defined bound-
ary between the liquid and pU*ic sum. Thts
water content is defined as the water content at
which a pat of soil placid in a standard cup and
cut by a aroove of standard dimenaoni win flow
together at the base of the groove for a distance
of 13 mm (ft in.) when subjected to 25 shocks
from the cup being dropped 10 mm m a standard
liquid limit apparatus operated at a rate of 2
thocks per second.

ft*ot
V«« 0*010*0). MM

VtffttM
I

uor
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NOTT 3— ThcvndnincdttKvtumfUiofsoilaitlM
limn it contrtma 10 bi 2 *OJ kft rtUI pwk

34 f /«»ir /imu r^j— the wtter content, in
percent, of a soil at the boundary between the
planic and bnrue states. The water content at
this boundary is the water content at which a toil
can no tenter be deformed by roiling into 3.2
mm C/t in.) in diameter threads without crum-
Mine,

3.5 ?lesi it toil—t soil which hu a ranee of
water content over which it exhibits plasticity
and which *»ll main iu shape on drying.

3.6 p/aaieuy index {Pl}—ti* range of witar
conient over whirt a soil behaves plastically.
Numerically, h is the difference berweea the liq-
uid limit and the ptaatic limit.

3.7 liqtuduv wrffct— the ratio. expressed it a
percentae*. of {/) the natural water content of a
soil minus iu plane limit, to (2) h* pUsuory
index.

3.1 activity *umbrr (AI—V* ratio of (/) the
plastiaty indei of t soil to (2) the percent by
weight of panicles having an equivalent diameter
smaller than 0.002 mm.
4. Summary of Method

4.) The urn pie u processed to remove any
material retained on a *2i-ttm (No. 40) sieve.
The liquid limit is determined by performing
trials in which a portion of the sample is spread
in a brass cup. divided in rwo by a grooving tool
and then allowed to flow together from the
shocks caused by repeatedly dropping the cup in
a standard mechanical device. The multipoint
liquid limit. Precsdura A and i. raquira three
or more trials over a range of water content! to
be performed and the data from the tnals plotted
or calculated to make a relationship from which
the liquid limit is determined. The one-point
bqutd limit. Procedures C and D. uses the data
from two trials at one water content multiplied
b* a correction (actor to determine the liquid
limit

4.2 The plane limit is determined by alter-
nately pressing together and rolling into a 3.2
mm (H in.) diameter thread a small poraon of
plastic soil unoJ ta water conient is reduced to a
point at which the thread enimbio and is no
longer able to be prosed together and moiled.
The water content of the soil at this state is
reported as the pluuc limit.

4.3 The plasticity index is calculated as the
diflerenct between the liquid limit and the plastic
limit.
S. StgwifcBAet and Use

S.I This ta* method is used as an integral part
of arveral cagntouing classification systems to
chancurae the finegrained fractions of soils (see
Test Method D 24g7 and Practice D 3212) and
to specify the fine-framed fraction of construc-
tion materials (set Specification D 1241). The
liquid Unit, plane limit, and pUnaty index of
soils arc also used extensively, cither individually
or together with other soil properties to correlate
with engineering behavior such as compressibil-
ity, permeability, compactibility. shrtnk-fweil.
and shear strength.

5J The liquid and plank limits of a soil on
be toed with the •aural water content of the soil
to express hi relative consistency or liquidity
iadcx and can be mad with the percentage finer
than 2-um sue to determine its activity number.

5J The one-point liquid limit procedure is
frequently toed for routine dasaficauoo pur-
poses. When greater precision a required, as
when used for the acceptance of a material or for
correlation with other test data, the multipoint
procedure should be used.

S.4 These methods are sometimes used to
evaluate the weathering characteristics of day
shale materials. Wbcn subjected to repeated wet-
ting and drying cydes. the liquid limit* of these
materials tend to increase. The amount of in-
crease is considered to be a measure of a shale's
•uactptibiiity to i nihtnna,

5 J The liquid limit of a soil containing sub-
stantial amouno of organic matter decreases dra-
matically when the soil is oven-dried before ten-
ing. Comparison of the liquid bmit of a sample
before and after oven-drying caa jhcrefore be
•aed at a qualitative measure of organic matter
coo tent of a soil.
4. Apptraras

I.I £j*W Ltmif flow—A mechanical de-
vice consisting of a braas cup suspended from a
carnage designed to control iu drop onto a hard
rubber base. A drawing showing the essential
fcuum of the device and the critical dimensions
is given it) Fst, I. The design of the device may
vary provided that the essential functions are
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preserved. The device may be operated ether by
a hand crank or by an electric motor.

6.1.1 tesf—Tht bax shall be hard rubber
having a 0 Duromcter hardneu of SO to 90. and
a resilience such that an I-mm (V,»-in.) diameter
polished steel ball, when dropped from a height
of 25 cat (9.14 m.) will have aa average rebound
of at least 10 % but no more than 90 %. The uou
shall be conduced on the finished bate with {MI
attached.

6.1.2 Fm—The base shall be supported by
rubber feet defined to provide isolation of the
bax from the work surface and having an A
Durometer hardneu no greater than 60 as mea-
sured on the finished feet attached to the bax.

6.1.3 Cup—The cup shall be brass and have a
weight, including cup hanger, of 115 to 215 g.

6.1.4 Cam—The am shall raise the cup
smoothly and continuously to iu muimum
height over a distance of at least ISO* of cam
rotation. The preferred am motion is a uni-
formly accelerated lift curve. The design of the
am and follower combination snail be such that
there is no upward or down»vd velocity of the
cup when the am follower learn the am.

Sort ."—Th» am and rollover dent* in Fig, I a
far uniforms tccrlrrvcd (p«fiboue) motion after eon-
un ma auurn U»ai UK cup luu no »tioet> ti drop
oil Outer am destni alto en-net ihit faiuir tnd
m«v be uxi Heot^tr. if tut am-folle»<r Uft aancrn
it nei kn««n. ure nioaty u drop off aa be toured
b« carefully filmt or machiaint KM am and follower
to tbat the CUB ftwiw remain* coactani o«cr the la* 20
to«5" of am rouuo*.

6.1.5 Ctmatf—The cup carriage shaD be
eonrrucrt in a way that allowi convenient but
secure adjustment of the height of drop of the
cup to 10 mm (0.394 in.). The cup hanger shall
be atuc&ed to the ornate b> means of a pin
which allows removal of the cup and cup hanger
for cloning and inspection.

6.1.6 Optional Motor On*—As an alterna-
tive to the hand crank shown in Fig 1. the device
may be equipped with a motor to turn the am.
Such a motor must turn the am at 2 sO.I
revolutions per second, and must be belated
from the rest of the device by rubber mounts or
in some other way that prevents vibration from
the motor being transmitted to the re* of the
apparatus. It must be equipped with an ON-OrT
switch and a means of conveniently petitioning
the earn for height of drop adjustments. The
results obtained using a motor-driven device

must net differ from those oNained using a
manually operated device.

6.2 Flat Croat itf Tool—•* grooving tool ha»-
ing dimensions shew* in Fig. 1 The tool shall
be made of plastic or nencarroding metal. The
design of the tool may vary as long as the esxnual
dimensions art maintained. The tool may. but
need not incorporate the gage for adjusting the
height of drop of the bquid limit device.

6.) Gift—A. metal gaac Week tor adjusting
the height of drop of the cup. having the dimen-
sions shown in Fig, 1. The design of the tool ma>
vary provided the gage will res securely on the
bax without being susceptible to recking, and
the edge which cenucu the cup during adjust-
ment is straight, at lost 10 mm (H in.) wide, and
without bevel or radius.

6.4 Con/d/fim—Small eorrosion-resinant
container* with snug-fining lid* for water content
specimens. Aluminum or suinJes steel oas 2.5
cm (I in.) high by 3 cm f2 IB.) in diameter art
appropriate.

6.5 iatance— A balance readable to at lean
0.01 | and having an accuracy of 0.03 g within
three standard deviations within the range of use.
Within any 15-g range, a difference between read-
inp shall be accurate within 0.01 g (Notes 4 and
3).

NOT! 4_Sn Methods E HI tnd E 3l* for in t\-
pUtuuon of wrm* rtuuni to MAIM prrfofmtnct.

NOTI 3—For frogutai at, I iop»ioadi«| type M.
anet with automatic lea* indiauoa. readable to 0.01
g. and having an nd«a ofprwuoa (standard deviation)
ef 0.00) or better • MOB awubtt far tko axdied.
However, aonautomaue wdcauag «a«al-«rm aiwltn-
cat balanm and »MM until otual arm tat Bin baianca
having rtadataiiue and anvnvnMt of 0.002 g or better
»rov«d« IIM rwjwn* aeeunr* •*•» iotd with a wnihi
an of ASTM Qaai 4 tNaooaal lurmu of Standards
Class n or bmar. Ordinary eoaswemal and classrocm
typt baiinm tuc* as bcaai baiaona arc MI

6.6 Sionft Contain*—* contiincr in which
to store the prepajrd soil specimen that will not
contaminate the specimen m any wiy. and which
prevents mcmure leak A porcelain, glass, or
plastic dish about 11.4 em (4» in.) in diameter
and a puuuc bag Urge enough to endow the dish
and be folded over is adequate.

6.7 Ground Glau Ftait—* ground glass plat;
at lean 30 cm (12 in.) square by I cm (* in.)
thick for mixing soil and roiling plastic limit
threads.

6.1 Spatula—* spatula or pill knife having a
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biadr about 2 cm (V. in.) wide by about 10 cm
(4 m.) ton| In addition, a spatula hiving » Wade
about 2.4 cm (I m.) »ide and IS cm (6 in.) long
has been found uieful for iniuaJ mixing of sam-
pin.

6.9 Jifrf—A 20.3 cm (I in.) diameter. 425-
um (No. 40) sieve conforming to the require-
ment* of Specification E 11 and having a nm at
least 5 cm (2 in.) above the mesh. A 2-mm (No.
10) sieve meeung the umc requirement* may
alto or needed.

6.10 Mj jA Moult, or similar container for
adding controlled amounu of water to soil and
*ashmg fines from coarse panicle.

6.11 Dmfig 0vm—A thermofutically eon-
trolled oven, preferably of the forceMraA type.
capable of continuously maintaining a tempera-
ture of 110 ±5*C throughout the drying chanbcr.
The oven shall be equipped with a thermometer
of suitable rangt and accuracy for morutohng
oven temperature.

6.12 H'ast>i*t Pan—* round, flat-bonomcd
pan at least 7.6 cm (3 in.) deep, slightly larger at
the bonom than a 20.3-cm (l-in.) diameter sieve.

6.13 Hod (optional ̂ —A metal or plastic rod
or tube 3.2 mm (H in.) in diameter and about 10
cm (J m.) long for judging the sue of plasuc limit
tnreadi.
7. Material*

7.1 A supply of distilled or demineralized »»
ter.
I. Sampling

1.1 Samples may be taken from any location
thai satis/in icsung nudi However. Method*
C7QZ. and Practice D7J. aad R«commen«*ed
Practice D 420 should be used at guides for at-
Iceuag aod preserving mnpia from various
type of sampuBi openaoas. Samples which «iD
be prepared using the w« prepanuon procedure,
10.1. must be kept at their natural water contest
prior to preparation.

1.2 Where sampling operations have pre-
served the natunl suiuficsuon of a aampic the
various strata moat be kept separated and too
performed on the particular stratum of iateren
with as little eonumiaauon at possible from
other ftnu. Where a mature of materials will
be used in construction, combine the various
components in such proportions that the result-
ant sample represents the actual construction
use.

I.} Where dau from thii test method are to
be used for correlation with other laboratory or
field test data, use the same material as used for
these tew where possible.

1.4 Obtain a representative portion from the
total ample sufficient to provide 130 to 200 g of
material passing the 425tun (No. 40) sieve. Free
flowing samples may be reduced by the methods
of quartering or splitting. Cohesive samples shall
be mised thoroughly in a pan with a spatula, or
scoop aad a representative portion scooped from
the total mass by making one or more sweeps
with a scoop through the nuaed mass.

9. Calibration of Apparares
9.1 l*inaio*ttWtaf:
9.1.1 Ltfw** Limit DfHCf—Determine that

the liquid limit device is dean and ra good work-
in! order. The following specific pants should
be checked:

9.1.1.1 H>or a/Jaw-The spot on the base
when the cup makes contact should be worn ao
ireatcr than 10 mm (H in.) in diameier. If the
wear spot it greater than this, the base can be
machioed to remove the were spot provided the
reiurfaong does not make the base thinner than
specified in 6.1 and the other dimensional rela-
tionships are maintained.

9.1.1.2 Wtcr efCup— The cup must be re-
placed when the grooving tool has worn a de-
pression ia the cup 0.1 mm (0.004 in.) deep or
when the eda* of the cup has been reduced to
half ru original thkknen. Vehrv that the cup is
firmly anachcd to the cup hanger.

9.1.iJ Wtttf o/Civ Hang"—Verify that the
cup hanacr pivot tett tot bind and it not worn
to a* est»! that allows more than 3-«m (W-tn.)
sidc-w^de movtmeat of the lowest point on the
rim.

9.1.1.4 Wnr o/C«m—The cam shall not be
worn to an extent that the cup drops before the
cup hanger (cam follower) loses contact with the

9.1.2 Croonng reo/j—Inspect grooving tooli
for wear on • frequent and regular basis. The
rapidity of wcav depends on the material from
which the tool is made aad the types of soils
being tesud. Sandy soils cause rapid wear of
grooving tools: thenfort. when lesuttt these ma-
terials, tools Should be inspected more frequently
than for other soils. Any tool with a tip «idth
inaier than 2.1 mm must not be wed-The depth
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of the tip of the grooving tool must be 7.9 to I.I
mm. ;

Non *—Th« wdth of tue at of troovrag tooh n
conveniently chtcktd mini a pecan-suet masuniig
magnifier equipped •>!» a millimetre tait. Magnifiers
of Cm type v* a«ailabk from mou laboratory auppli
companies. Th* orpin of tUc up of eroo»int tools cao
bi ch«ek«d using uic dcpin meuunnt, fcatun of vernier
caiiptrs.

9.2 Adiuamm o//r>ir*/ of Drop—Adjust the
height of drop of the cup so that the point oa the
cup that come! in contact with the baie toes to
a height of 10 ±0.2 mm. Set Fit, 4 for proper
locauon of the pie relative to the cup during
adjustment.

Non 7—A convenient procedure for adjuaing the
height of drop i» u folio**: pUct a ptcet of Basting'
upr acrou the ovutdt bonom of the cup pMUef with
the uu of the nip hanprr pi»oc Tht top of Uw upt
a«*y from UK evp lunger should bum the 901 oa (he
cup that eonucu Uw beat. For itr> rupv pJaoag a
pMRe/caswnaasv on tfttbaat and allowing the cup
to drop several umei will mart UM contact spat. Attoek
th* cup to UK dewet and turn UK crank until tht cup
it raised to it* manmum hagnt- Slid* Ui* hathi pet
under UM cup from UK front, and acorn* vhcuwr Hi*
(apt ceaueu the cup or tM upt- Sat Fit. 4. If tht tape
and cup art botn conuoad. the heigm of drop •
appreumaury coneci. If not. adjva Uw evp wnil IH
muluncota eotiuci is mad*. CS*rt adjuaunnt by
turning ux cnak at } m«lutioM per maM vftite
heMmi Uic pot in pevuon aaamu Uw upi and cup.
If a nntini or ctickift| wund a heart »iu>eoi Uit cup
nuni from Ux pit- UK adjuumcm 11 corran. If no
nn|in| a honj or if Uw nip ni*a from tin pp. rodjuu
tAc ftPtM of drop. If U* cup recti on tru pp dunnt
ihu cA*eti(i| oo*rauoa. \t» earn follo»*r pi«ot • u-
cnai«ciy vorn and UM -era pant should bt
Ai»ivi'remo«« upt after campmoit
openuoa.
MULTIPOINT UQUTO UMrT—PIOCZOURCS

A AMD I

10. Prtoantioo of TM Specimen
10.1 W'/t frrperaioft— Lictpt where the dr>*

method of specimen preparation is specified
(10.2). prcptrt specmcns for ten ai dexribed in
the following sections.

10.1.1 Sam fit: feuing /Af '.V-um f*Ao 40;
5i>»*—When by visual and manual procedures
it is determined that the sample has little or no
material mained OB a 425-um (No. 40) sieve.
prepare a specimea of 150 to 200 | by muin|
thoroughly with disuHed or demineralized »iter
on the tlau plait usn| the spatula. If desired.
soak soil in a stontt dish with small amount of
water to soften the soil before the sun of miunt.

Adjust the »»itr content of the soil to bnnt, it to
a consistency that wevW require 2) to 35 b»o»s
of the liquid Umii devKt to rlosc the troovc
(Note I). If. dunni muune, t small pertenuae of
material is encountered that »ould be retained
on a 425<vffl (No. 40) sieve, remove these pant-
ties by hand, if potable, tf n is impractical *.o
remove the coaner material by hand. remo»;
smafl perceataees (Its than about 15 %) of
coarser material by working the specimen
throufa a 425-«m (No. 40) sieve using a piece of
rubber sheturtf, rubber stopper, or other conven-
ient dnxt provided the operation does not dis-
tort the sieve or deyide matrtal that would be
retained if the wuhinjj method described in
10.1.2 wen mod. IT lanjcr perctnutes of coarse
material arc encouotered dunng mixing, or it is
considered impractical to remove the coaner
material by the method* jua dexribed. wuh the
sample at described ia 10.1.1 When the wane
ponida found during miung arc concretions.
sheJb. or other frtciic panieks. do not crush these
panicles to make them pas a 42<fim (No. 40)
steve. but remove by hand or by washine, Place
the miaed sail in the sunte dish, cover to pre-
vent loa of moisture, and allow to nand for at
leu U h (overnight). After the funding penod
and immediately before starting the ten. thor-
oughly rcmia the soil

Nort I—Th* om« tain to idoguatcly mia a soil
will vary greatly, otpudine. on in piwuety and initial
•itrr conim. Imtol miung une of mort than 10 —
ia may b§ aiided (or sulT. Cat cUn.

10. U Sample Co*tu*i*tMeitnalAt!atntd
en t O5iun (Ho 40) Sir*

10.1 J.I Select a sufficient quantity of soil at
natural witer canteat to provide 150 to 200 g of
material posting the 425iuo. <So. 40) sieve. Place
in a pan or dish and add sufficient water to cover
the soO. Allow to soak vnul all lumps have
softened and the fines no lontjer adhere to the
surfaces of the coraac panidaa (Note 9).

Non 9—la some aaaa. the auons of salu prvcnt
ia up *tur «nll ocdanp «na in* naturu cauont in
KM soU aad ogatfieaatly altar UM to* rcaulu lAouid up
wtur bt aaad ia th* soabog and •waing operations.
UaiOB • ia UOM thai suck eaiiow an oot preatnt in
ttM tap wcur. daulM or demtncrihcad «*icr should
bt aatd. As a paeral ruk. «aur nnuining mort man
100 me/L of oissoivotf aaiiea aaouM oo< bt uiod for

ung i
10.1 .̂2 When the sample contains a large

percenuge of material retained on the 423
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(No. 4fli sieve, perform the following washing
operation in increment*. washing no more than
0.1 k| (I Ibl of material at one time. Puce the
*25-um (No. '01 neve in the bottom of the dean
pan Pour the soil water mature onto the sieve,
iftravei or coarse sand panides arc preterit, rinse
as many of these at possible wiih small quantities
of water from a wain bottle and discard. Alter-
natively, pour the soil water mixture over a 2-
mm (No. 10) sieve nested atop the <2J-nm (No.
40) sieve, nnsc the fine material through and
remove the 2-mm (No. 10) sieve. After washing
and removing as much of the coarser material at
possible, add sufficient water to the pan to bring
the level to about 13 mm (* m.) above the surface
of the 423iim (No. 40) sieve Agitate the slurry
by stirring with the fingers while raising and
lowering the sieve in the pan aad fwtriing the
suspension so thai fine material u washed from
the coarser panicles. Disaggregate fine soil lumps
that have aot slaked by genUy rubbing them over
the sieve with the fingertips. Complete the wash-
ing operation by raising the sieve above the water
surface and nosing the material retained with a
small amount of dean water. Discard material
retained on the J2.S«m (No. 40) sieve.

10 1.13 Reduce the water content of the ma-
ir-»i passing the 425^»m (No. 40) sieve until it
breaches the liquid limit. Reduction of water
content may be accomplished by one or a com-
bination of the following method* (a) exposing
the air currents at ordinary room temperature.
(4) exposing to warm air currents from a source
such as an eiecinc hair dryer, (t) filtering ia a
luckner funnd or ustog (liter candles. (J) de-
canting dear water from surface of susptitaon,
or (e) draining in a eoUnder or piaster of pahs
dish lined with high rcuauviry. high wct.|trmfth
filter paper.1 If a plasw of pahs dish is used, take
care that the dish now becomes su/TioenUy
saturated that it fails to activeiy absorb water into
iu surface. Thoroughly dry dishes between uses.
During evaporation and cooling, stir the sample
often enough to prevent everdrying of the fringes
and soil pinnacle on the surface of the mature.
For soil samples containing soluble salts, use a
method of water reduction such as a or * that
will not diminate the soluble salu from the ten
specimen.

10.1.2.4 Thoroughly mix the material passing
the OS-urn (No. 40) sieve on the glut plate using
the saatula. Adjust the water content of the ma-
ture, if necessary, by adding small increments of

distilled or demmeralued water or by allowing
the mature to dry at room temperature while
muing on the glass plate. The sod should be at a
water content that will result in closure of the
groove m 23 to JS biowv Return the mixed soil
to the muing dish, cover to prevent lots of mois-
ture, and allow to sand tor at least it h. After
the standing period, and immediate!? before
tuning the um. rtmii the soil thoroughly.

10.2 OryfrtfvmioK
10.2.1 Satan svffieicm soil to provide ISO to

200 g of material passing the 425-um (No. 40)
sieve after processing. Dry the sample at room
temperature or ia aa own at a temperature not
exceeding 60*C uata the soil dods will puNerue
readily. Dtaatjrtftiioa it expedited if the sample
is aot aflow«d to completely dry. However, the
soil should have a dry appearance when pulver-
ized. Pulverize the sample ia a mortar with a
rubber eppcd ptsul or in some other way that
does aot oust breakdown of individual grains.
Wbcn the coarse panida found during pulveri-
zation arc coftcrcuons. sheils. or other fragile
parudes, do not crush thcac panida to make
(hem pass a 425fia (No. 40) sieve, but remove
by hand or other suitable means, such as ••ashing.

10.12 Separate the simple on a 42it»m (No.
40) sieve, shaking the s»eve by haad to assure
thorough separation of the finer fraction. Return
the material retained on the 42i-«m (No 40)
sieve to the pulverizing apparatus and repeat the
purvcnziag and sieving operations as many umes
as ntessaary to assure that all finer material hat
been daafgrtgated and material retained on the
425-tim (No. 40) sin* coesini only of individual
sand or gravel grains.

10.2.3 Place material remaining on the OJ-
um (No. 40) sieve after the final pwlvenang
operations in a dish and soak in a small amount
of water. Stir the tail war mixture and pour
over the 425iun (No. 40) seve. catching ute
water and any suspended fines in the washing
paa. Pour this suspension into a dish containing
the dry soil previously sieved through the *1>-
SUB (No. 40) sieve. Disesrd material retained on
the 423^tm (No. 40) MVC.

10.2.4 Adjust the water content as nectuarv
by drying as described ie I0.1.2J or by rnumj
on the glass piate. using the spatula while adding
increments of distillad or demtncralucd water.

•g m* t JM Ita i
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until the toil it at i *ster content that will mult
in doiurt of the (reeve m 23 to 33 blowy

10.2.3 Put toil in the nonet dish. ee«tr to
prevent lots of mouture and allow to stand tor
at lean 16 h. After the standing penod. and
immediately before naruni the ten. thoroughly
remu the soil (Note ll
II. Procedure

1 1. 1 Place a portion of the prepared soil in
the cup of the liquid limit device at the point
where the cup rent on the base, squeeze h down.
and spread it into the cup 10 a depth of about 10
mm at tu deepen point, tapering to form aa
approximately horizontal sucface. Take care to
eliminate air bubbles from the soil pit but forn
the pat with as few suoka at possible. Heap the
unused soO on the glut plate and cover with the
inverted norage dish or a wet towel

1 1.2 Forn a groove in the toil pu by drawing
the tool, beveled edge forward. through the soil
oo a line joining the hie/ten point to the lowest
point OD the nm of the cup. When cutting the
iroove. bold the grooving tool against the surface
of the cup and draw in an are. maintaining the
tool perpendicular to the surface of the cup
throughout iu movement. See Fig, 5. la soils
where a groove cahoot be made in one Broke
without tearing the soil, cut the groove with
several strokes of the grooving tool Alternatively,
cut the groove to slightly lea thaa required di-
mensions with a spatula and uac the grooving
tool to bnng the groove to final dimensions.
Exercise extreme care to prevent sliding the soil
pat relative to the surface of the cup.

1 1.3 Verify thai no crumbs of soil arc present
on the base or the underside of the cup. Lift and
drop the cup by turning the crank at a rate of 1.9
to It drops per second until the two halves of
the soil pat come in contact at the bottom of the
groove along a distance of 13 mm (Vt in.). See
Fig. 6.

Non 10— U* the csd oftJ* traevtnt iaoL Fig, 1
or a «M ui «*nr> uui UM sroo*t luu nmal I 3 mm

1 1.4 Verify that an air bubble has not caused
premature doting of the groove by observing that
both adcs of the groove have (lowed together
with approximately the same shape. If a bubble
ha* caused premature dosing of the groove, re-
form the soil in the cup. adding a small amount
of soil to make up for that lost in the grooving

operation and repeat 11.1 to 11.3. If the soil
slides on the surface of the cup. repeat 11.1
through 11.3 at a higher water content. If. after
several tnals at successively higher water con-
tents, the soil pat continues to slide in the cup or
if the number of Mows required to close the
groove is always lea than 23. record that the
liquid limit could not be determined, and report
the soil at nonpiasuc without performing the
plastic limn tea.

IIJ Record the number of drops. A*, required
to dose the groove. Remove a slice of soil ap-
proximately the width of the spatula, extending
from edge to edge of the soil cake at right angles
to the groove and including that portion of the
groove in which the soil flowed together, place in
a weighed container, and cover.

11.6 Return the soil remaining in the cup to
the giaa plate. Wash and dry the cup and groov.
ing tool and reanach the cup to the carnage in
preparation for the nen trial

11.7 Remix the entire soil specimen on the
fjas plate adding distilled water to increase the
water content of the soil and decrease the number
of Wowi required to dose the groove. Repeat
11.1 through 11.6 for it tcast rwo additional tnals
producing successively lower numbers of blows
to dose the groove. One of the tnals shall be for
a dosure requiring 23 to 33 biowj. one for closure
ben* eta 20 and 30 Wowv and one inal for a
closure requiring 13 to 23 Mows.

I I.S Determine the water content. H*. of the
soil specimen from each trial in accordance with
Method 0 2216. Hake all weighings on the same
balance. Initial weighings should be performed
immediately after eomptcuoa of the ten. If the
tea is to be interrupted for more than about 13
win. the soearaens already obtained should be
weighed at the time of the interruption.

12. CaJcvlarieea
12.1 Plot the relationship between the water

content. M'M and the corresponding number of
drops. A', of the cup on a senuloganthmic graph
with the water content as ordinaics on the arith-
metical scale, and the number of drops as abicu-
sas on the logarithmic scale. Draw the best
straight line through the three or more plotted
point*.

12.2 Take the water content corresponding to
the intersection of the line with the 2i-drop
abscissa as the liquid limit of the soil. Computi-
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tional mcthodt nvav be substituted for the graph-
ical method for fining a strut/it line to the data
and determining the liquid limit.
' ONE-POINT UQUIO LiMrr—rROCtDfftcs

C AND 0

13. Preparation of Test Specimen
I J.I Preoare the specimen in the same man-

ner at described in Section 10. except that a*,
mixing adjust the water content to a consistency
requiring 20 to 30 drops of Hit liquid limii cup
to close the groove.

14. Procedure
14. t Proceed u described in 11.1 through

11.} except that the number of Wows required to
dose the groove shall be 20 to 30. Iftos than 20
or more than 30 Wows art required, adjust the
water content of the soil and repeal the proce-
dure.

14.2 Immediately after removing a water
content specimen at described in 11.5. reform
the soil in the cup. adding a small amount of
soil to make up for thai lest in the grooving and
water content sampling operations. Repeat 11.2
through 11.5. and. if the second closing of the
groove require the same number of drops or no
more than two drops difference, secure another
water content specimen. Otherwise, remix the
enure specimen and rrpuL

Non II— Laem* 6>yin| or inadequate mixing
•nil cau*t IM aurnMT of b*o-t to *ary.

I *J Determine water content* of specimens
as described in 11.1.
15. CatemlatiMj

15.1 Determine the liquid limn for each water
content specimen using one of the following
equations

«<sr
where:
A' »the number of blows causing dosurt of the

groove at water content
I'\ • water content, and
A* »a factor gjvea in Table I.

The liquid limit is the average of the rwo thai
liquid limit values.

15.2 If the difference between the two thai

liquid limn values is greater than one percentage
point, repeat the IOL

pusnc LIMIT
l(. PrttomiM c/TcstSpeciaM*

It.l Select a 20-g portion of soil from the
BiatenaJ prepared for the liquid limit test either
after the second mixing before the ten. or from
the soil remaining after compkuon of the ten.
Reduce the waur content of the soil to a consist-
ency at which h can be reded without sucking to
the hands by spreading and mixing continuously
on the glass plate. The drying process may be
accelerated by exposing the soil to the air current
from an electric (an. or by Wotting with paper
that docs net add any fiber ID the soil, such as
bard surface paper toweling or high wet strength
filter paper.

17. Pnetdm
17.1 Fron the 20-g mass, select a portion of

IJ to 2.0 g. Form the tes speomea into an
ellipsoidal man. Roll this mass between the palm
or fingen and the ground-glass plate whh just
sufficient pressure to roll the mass into a thread
of uniform diameter throughout iu length (Note
12). The thread shafl be further deformed on
each stroke so that iu diameter a continuously
reduced and its length extended until the diam-
eter reaches 3J sOJ mm (0.125 s.020 in.).
taking ao more than 2 mia (Note 13). The
amount of hand or finger pressure required will
vary greatly, according to the soil Fragile soils of
tow piaMdty an bast rolled under the outer edge
of the palm or at the b*ac of the thumb.

Non 12—A •enaal rau of raOra* for KOB iwU
should fet gO M> M atrokct per mmyu. eouauni >
swokt as MM ranptaf mouoo. oftbt kaad foo-mrt titd
lack «• ttw Kannt POKUOB. Tku m» t/ nibag may
"— T Ti rn i »a< 'r n "if"' ~"~

Non l>—A U-mm (*»-•.) <iiniiiii rod or tvbt
is «Mf\d Car CntMcw eoaiannaM «na the tod throd
to aKeruua wheii tht thmd ha raKitM the proper
dtameicr. npaoaU; far iaexpmcaccd operstorv

17.1.1 When the diameter of the thread be-
3.2 mm. break the thread into several
Squeeze the pieces together, knead be-

tween the thumb and first finger of cadi hand.
reform into an ellipsoidal mass, and rcrolL Con.
unuc this alternate rolling to a thread 3.2 am in
diameter, gathering together, kneading and re-
rolling, until the thread crumbles under the pm-
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sure required for rollini and the toil cao DO
loafer be rolled into a 3.2-ram diameter thread
(See Fit. 7). it hat BO significance if the thread
breaks IBIO threads of shorter length. Roll caeh
of these shorter threads to 3.2 mm IB diameter.
The oaly requirement for conunun| the test it
that they are ibie to be reformed iato aa cibp»
soidal mas and rolled out again. The opentor
shall at BO time attempt to produce failure at
exactly 3.2 mm diameter by allowing the thread
to reach 3.2 mm. then reducing the rate of rolling
or the hand prewjrt, or both, while coauauing
the rolling without further deforraatioa until the
thread frill apa/t Ii is permissible, however, to
reduce the total amount of deformation for feebly
plasiic soib by maJung the initial diameur of the
ellipsoidal mas Bearer to the raquind 3.2-mm
final diameier. If crumblini ocrun wbea the
thread has a diameter greater than 3.2 mm. this
shall be considered i Btis/aciory end point, pro-
vided the soil has been previously rolled iato a
thread 3.2 mm IB diameter. Crumbling of the
thread "ill manifest itself diflertatly with the
various types of soil Some soils fall apart ia
numerous small aggregations of panidev others
may form aa outside tubular layer that suns
splitting at both tads. The splitting protreaes
toward the middle, and finally, the thread falls
apart in many small piary parades. Fat day soils
require much pressure to deform the thread,
particularly as they approach the plane limit
With these soils, the thread breaJu 1010 a series
of barrel-shaped seijmeau about 3.2 to 9.3 mm
(Vt to % ia.) ia length.

17.2 Gather the portions of the crumbled
thread iogr>her aad place ia a weghed container.
Immediately covrr the container.

17J Select aaother IJ to 2.0 g porooe of soil
from the original 20-g speamea aad repeat the
operanou described m 17.1 aad 17.2 uatil the
container has as lew <j g of soil

17.4 Repeat I7.| through 17.3 to make an-
other container holding at lean 6 g of soil. De-
termine the water content, ia percent, of the soil
contained in the containers ia accordance with
Method D 2216. Make all weighing! oa the same
balance.

Son 14—Th* ieicai of perfenaiai two Black
limit ffiali u to <*rif) UM CDMUUMT oTtM test rwuiu.
It it MBtpubM pncuet te errfora oaJj one ftuoe
lunit ui*i wnn uic eonanncy ia UK UK mutu eu
be confirm* br wAe etcaai.

It. Catealamn
11.1 Compute the a«crage of the two water

contcati. If the diffcrenct betwtcn the rwo water
contcau «s greater thaa two percentage potata.
repeat the ten. The plastic lima is the average of
the two water contents.

PLASTICITY INDEX

19. Cakilatiem
If. I Calculate the plasticity index as follows:

n»U.~PL
where
LL • the liquid limit.
fL • the plank bmiu

Both LL and fL arc whole aumben. If cither
the liquid Hrait or plastic limit could not be
determined, or if the plastic limit is equal to or
greater than the liquid limit, report the soil u
Bonpiaauc. NP.

30. Report
20.1 Report the following information:
20.1.1 Sample identifying information.
20.1.2 Any special specimen selection process

used, such as removal of sand lenses from undis-
turbed sample.

20.1.3 Report sample as airdned if the sample
was airdned before or during preparation.

20.1.4 Uquid limit, plastic limit, aad ptanic-
iry indea to the nearest whole number and omu-
tiog the percent designation. If the liquid limit or
piasac limn tern could not be performed, or if
the plaiuc limit is equal te or greater than the
liquid limit, report the soil as nonplastic. NP.

20. U Aa esumate of the percentage of sam-
ple mained on the 42J-um (No. 40) siot. and

20.14 Procedure by which liquid limit was
performed, if h differ* Cram the multipoint
method.

21. Precision and lias
21.1 No iaterlabomory testing program has

as ytt been conducted using this UK method to
determine multilaboratory precision.

21J The within laboratory precision of the
results of tew performed by different orerators
at one laboratory on two soils using Procedure A
for the liquid bm» is shown in Table 2.
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DIMENSIONS
L E i i e n
MM

L E T T E R
MM

A*
54
± as

M
24

fl*
2
± O.I

t>
20

c •
2f
± 0.5

4*
24

f •
56
± 2.0

r
43

f
32

U*
4T

± 1.0

C
IO

V
5.8

H
16

Mr
13

Jl

6O
± 1.0
/

6.3

K "
5O

± 2.0

t •
130
± 2.0

»*•
123
t 2.0

ESSENTIAL DIMENSIONS

V DIAMETER
CHS OR BRASS PIN

-HARD RUBBER BASE CONFORMING
TO SPECIFICATION IN 6.1.1

»IC l

CAM
ANCLC

XORCCS
O

30
6O
»0
120
I3O
ISO
210
240
2'0
3OO
330
360

CAM
RADIUS

O.T42R
0.rS3R
O.764 R
aT73R
0.7»4 II

0.7 96 R
aeien
O.H54R

0.9OIR
O.943R
O.»MR
O.993R
I.OOOR

ofi

RUBBER COMFOftMING TO
SPECIFICATION IN 6.1.2
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N

13
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J
•0

•
±0.1
K •
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±0^»

$0
±0.9
t*
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2
±0.1
N
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A8TM 0 2435 - 80

AMCMICAN SOCIETY f*O* TESTING AND MATERIALS
1«1CR«»St..PMtodriphte.l»«. 19103

from the Aim* took of A*T1I Stmiv*. Capyritfit ASTM
If not (feud In tt* currwn -ome*»d index, wifl «pp«r in «w nutrition.

Standard TMt Method Joe
ONE-OIMENSrONAL CONSOUDATION PROPERTIES OF
SOILS1

ThitftaMbrds •«»*

1.

1.1 This method coven a procedure for de-
termining the rate and magnitude of consoU-
datioe of toil when it is rmrairxrd laterally and
loaded aad drained axialry.

Non I—The vahia Hated to SI oahi art to be
Kfaro»d 11 ihtiuadard. TV varaatuicd in iacb-

1 uia art appradaaie.

11 ASTM Sumdardr.
D422 Particle-Size Analysis of Soils'
D423 Test for Liquid Limit of Soils1

D424 Test for Plank Limit and Plasticity
Index of Soils1

D S54 Test for Specific Gravity of Soils1

D13S7 Thin-Willed Tube Sampling of
Soils1

D22I6 Laboratory Determination of Water
(Moisture) Content of Soil. Rock, and
Soil-Agregate Mixture*1

D 3550 Ring-Lined Barrel Sampling of Soils1

3.1 The method requires that an element of
soil b*. retrained laterally and axiafly loaded
ia increments with a constant stress being ap-
plied until all of the excess pore water pressures
havt dissipated for etch increment. During the
comprcMtoa process measurements of decrease
ia the sampk height are made and these data
are used to compote the parameter* that de-
scribe the relationship between the effective
stress tad void ratio or strain aad describe the
rate at which compression can occur.
4. SlniflcaAce aad UM

4.1 The compressibility of soils as deter-

/ • --^ ••— 9 ••• •• • ' ——
A utmbtt at ptrrichoii ladicim «kc yw of lm

mined from this test b one of the most useful
properties that can be obtained from laboratory
testing. The data from the consolidation test
can be used to develop an estimate of both the
rate aad the amount of both differential and
total settlement of a structure or a landfill.
F***""*** of this type are often of key impor-
tance in first vkcting a foundation type and
secondly in evaluating its adequacy.

5.1 Load Drrice—A suitable device for ap-
plying vertical loads to the specimen. The de-
vice should be capable of m»i"tJtnfng specified
loads for long periods of time with an accuracy
of ± 0.5 % of the applied load and should
permit application of a given load increment
within a period of 2 s. without significant im-
pact.

5.2 Coiuoiidomair—\ device to hold the
specimen ia a ring which is either fixed to the
base or floating (supported by friction on pe-
riphery of specimen) with porous stones on
each face of the specimen. The consolidometer
shall also provide means for submerging the

for applying a vertical load, and for
'measuring the change in height o'f specimen.

The consolidometer ring shall conform to the
following requirements:

5.2.1 Minimum Specimtn (King) Diamettr—
The minimum specimen diameter shall be 50
mm (100 in.), and shall be at least 5 mm (V«

I * M*r tk* JMMdiebM oT ASTM COM-'
miam D-ll ea Sod ud Rock ud • tW dirw MpoMibUity
erSvbeoMuOM DIIOS M StnMninl frep«ti« oTSoik.

Currw •dilitt.ipproMtf Oo. 31. IMa fAibikWd Df
OMtar IMO. Oneaully C|W'̂ <ld M D2433.&JT. UM

f «M* if AST* Su~t~+. Km 19.

1*53 G-7



in.) leu than the inside diameter of the sample
tube if samples are extruded aad trimmed.

5.12 Minimum Specimen Heigfu—The min-
imum specimen height shaD be 13 mm (0.5 in.)
but thai! be not less than 10 times the maximum
pvtide diameter.

5.2J Minimum Specimen Dtameter-to-
ffeifkt Ratio—T\^t minimum specimen diam-
eter-io-height ratio shall be 15.

5.14 Xlgutity—The rigidity of the ring shall
be such that, under hydrostatic stress conditions
in the specimen, the change in diameter of the
ring will not exceed 0.03 % of the diameter
under the greatest load applied.

5.15 The ring shall be made of a material
that is noocorrosrve in relation to the soil tested.
The inner surface shall be highly polished or
shall be coated with i low-friction material.
Silicon grease is recommended or polytetra-
fiuoroethykae for noesaady soils.

S 3 forma Stone*—The porous stones shall
be of silicon carbide, aluminum oxide, or metal
that a not attacked by the soil or soil moisture.
The grade of the stones shaD be fine enough to
prevent intrusion of soil into the pores of the
stone. If necessary, a filter piper* may be used
to prevent intrusion of the soil into the stones.
However, the permeability of the stones, and
filter paper, if used, must be sufficiently high
to prevent retardation of the drainage of the
specimen. The stones shall be clean and free of
cracks, chips, and nonuniformittes.

5 J.I The diameter of the top stone shall be
0.2 to 0.5 mm (0.01 to 0.02 in.) leu than that of
the inside diameter of the ring. If a floating '
ring is used, the bottom stone shall have the
game diameter as the top stone. The use of
tapered stones b recommended, with the larger
^;««~**» in contact with the soil

5.3.2 The stone thkkness shall be sufficient
to prevent breaking. The top stone shall be
loaded through a corrosion-resistani piate of

rigidity to prevent breakage of the

S.4. Storage—Stance of seakd sampks
should be such that no moisture is lost during
storage, that is, no evidence of partial drying of
the ends of the samples or shrinkage. Time of
storage should be «•".»»;».»•< particularly when
the joil or soil moisture is expected to react
with the sample tabes.

5.4.1 Sample Preparation Environment—

D243S

Test ipfrifre*" shall be prepared in an environ-
ment where soil moisture change during prep-
aration does not exceed 0.2 *. (A high humidity
moemire room is usually used lor this purpose. I

5.5 rnymiorr Trnt should be per-
formed in an environment where temperature
fluctuations are kss than * 4*C (39*F) and
there b not any direct contact with sunlight.

5.6 Trimmer, or cylindrical cutter., for trim-
ming the sample down to the inside diameter
of the consolidometer ring with a minimum of
disturbance. The cutter shall have a highly
po4hlttif surface and be coated with a low-
friction material

5.7 Balance, sensitive to O.I g or to 0.1 t of
the total mass of the test specimen.

54 Dry**! Crten. that can be maintained
uniformly at 11015*C (230 ± 9'F). A forced-
draft oven is recommended.

5.9 Eaensomeier, to measure change in
height of the specimen with a sensitivity of
0.0025 mm (0.0001 in.).

5.10 MureBameous Equipment, including
spatulas, knives, wire saws, used in preparing
the specimen.

5.11 Moistyrt Content Containers, shall be in
accordance with Method D 2216.

6.1 Relatively undisturbed samples should
be obtained and used for consolidation testing
because the meaningfulncss of the results di-
minishes greatly with sample disturbance.
Methods D 15*7 and D 3550 cover procedures
and apparatus that may be used to obtain
satisfactory samples for testing.

7. SpecsMi Preparation (Note 2)
7.1 Prepare the sample in ao environment in

accordance with 5.4.1. Trim the specimen to
the inside diameter of the consolidometer. forc-
ing it directly into the ring during trimming.
Trio it flush with the plane surface of the ring.
For soft to medium soils, a wire saw should be
used for trimming the lop and bottom of the
specimen to «i»«»tmjfy smcarinL A straightedge
with a sharp cutting edge may be used for the
final trim after the excess soil has first been
removed with a wire saw. For stiff soils, a
sharpened straightedge alone may be used for

*U«r • kwdcM*. fat Blur paper.

1854 3
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trimming the top and bottom. If desired, the
height may be nude lea than the

nag height by partial extrusion and trimming,
provided the minimum *pfSffm th******! re-
quirements ia 52.2 tod 5.2J are met. A speci-
mea ring with the cutting edge attached pro-
vides the moat accurate fit ia mein toils

Non 2— PrecuMioa* should b* lakca 10 muu-
mue disturbance of the toil or A««|»« M nomur*
and density during sample traasporuucai aad prep-
aration. Vibration, distortion, and comuuaiun must
be avoided.

7.2 Fibrous soils, such as peat, aad thote
•oils that are easily damaged by trimming, may
be transferred directly from the sampling tube
to the ring provided that the ring has the same
diameter as the sample tube.

7.3 Specimens obtained using a ring-lined
sampler may be used without prior trimming.
provided they comply with the requirements of
Method D 3550 aad this method.

7.4 Determine the mass of the specimen in
iQq ring.

S.I Asaembk the cootolidoreeter with a cop-
per or hard steel disk or approximately the
same height as the test specimen and I mm
(0.04 in.) smaller diameter than the ring in
place of the sample. Moisten the porous stones.
If filter papers are to be used (see 5J), they
should be moistened and sufficient time for the
moisture to be squeezed from them should be
allowed during the calibration process.

1.2 Load and unload the coesoUdometer as
in the test and measure the deformation for
each load applied.

U Plot or tabulate the corrections to be
applied to the deformation of the test specimen
at each load applied. Note that the metal disk
will deform also. However, the correction due
U> this deformation will be negligible for all but
extremely stiff soils. If Decenary, the compres-
sion of the metal disk can be computed and
applied to the corrections. •

9. NatanlMobtavvCeMesM.Wdckt.Ve
SnedOe Grarfcy. LtsjaW and Pla*tk LMts,

ir iii i •**-rarucie atze

9.1 Use the material trimmed adjacent to the
specimen (see Section 7) to determine the nat-
ural moisture content in accordance with

Method D22I6 and the specific gravity »ith
Mtthod D 854. Determine the initial wet mass
of the specimen by subtracting the mass of the
specimen ring from the combined mass of the
specimen ring aad the specimen. Determine the
initial volume of the specimen from the diam-
eter aad height of the specimen. The value of
moisture content determined from the trim-
mings b approiimate but permits determiru-
lioa of the void ratio before the test is complete
The most accurate determination of the speci-
•nca dry mass and moisture content is found
by drying the entire specimen at the end of the
test. This procedure should be used unless a
portion of the specimen is needed for index
tests (see 10.9). The specific gravity can be
estimated where an accurate void ratio is not
---j--iDceoeo. •

9.2 The liquid limit, as determined in ac-
cordance with Method D 423. the plastic limit.
as determined in accordance with Method
D424. and the particle size distribution, for
soils with substantial granular material, as de-
termined ia accordance with Method D422.
arc useful ia identifying the soil and ia corre-
lating the results of tests oa different soils. It b
recommended that liquid and plastic limits be
determined oa the trimmings or on represent-
ative portions of the test specimen if the soil
exhibits significant heterogeneity.

10.1 The objective of the preparation of the
stores and other apparatus prior to their con-
tart with the specimen is to prevent change in
moisture content of the specimen. Thus, very
dry. highly expansive soils should be placed on
dry stones but most partially saturated soils
may be placed on stones that have simply been
dampened. If the specimen b saturated and b
believed not to exhibit a high affinity for water.
the porous stones should be boiled after clean-
ing with a aonabrasive brush aad kept satu-
rated until the time of their contact with the
specimen. Asaembk the ring, specimen aad
porous stones. With the consolidometer assem-
bled, enclose the specimen, ring, filter paper
(when used), and porous stones with a loose-
fining plastic or rubber membrane to prevent
change in specimen volume due to evaporation.
This step may be omitted if the specimen a to
be inundated after the first load increment b
applied as provided ifl 10.8.
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10.2 Place the consotidometer ia the loadiag
aad apply • seaiia| pressure of 5 k?a

(100 Ibf/ft*). Within 5 saia after 'fr*""̂  of
the seating load, adjust the exieasometer dial
fat* for the initial or zero reading. (For very
HA soib a MUtaf preanre of 2 or 3 kPa (aboot
SO ft/ft*) or less is desirable.)

10J Place loads oa the coesoUdomcter to
obuin pressures oa the soil of approximately
5.10.20,40, 8<x e»c, kPa (ioa 200, 400. aoa
1600, etc, Ibf/ft*), with each pressure maia-
Uiaed coesunt as required ta 10.4. (Smaller
increments may be desirable oa very soft spec*
imcasor whea h b desinbte to determine the
preconsotidation presmre whh more precaioa.)
Loadiag of the specimen should coetiauc iato
(be virgin compressioa region so that the slope
aad shape of the virjia compressioe carve may
bt ajMsnd. Typically, a ftaal pressure that b
eqval to or greater thaa four times the precoa-
•ottdatioa praamre of the sample is required
for this !•>••»•!. la the case of overcoasoli-
dated day* ta particular, ta may be desirable to

• aat aa nnloarting rrioadiagcyde to better eval-
aata recocnpraaiioa parameters, bat socfa a pro-
cedora is optioaai

10.4 For at least two load iacremeats (ia-
doding at least ooe load iacremeat aAer the
preconsolidatkxi pressure has been exceeded),
record the height or change ia height of the
specimen before each pressure increment is
applied aad at time intervals of approximately
0.1,0.25. OJ, I. 2,4. 8, 15. aad 30 min. I. 2.4.
8. etc, h, measured from the time of each
iacremeatal pressure application. These time- -
rate readings aeed be oNiinoi only for satu-
rated spedmeaa. Readings should cootiaoe at
least until the slope of the characteristic liaear
secondary compression ponioo of the thktaen
versus log of time plot is apparent (see I I . I X
uakss the method 11.6 is used, ia which case
the not loadiag may proceed as sooa as 100
% fpflfgUdtti^i is completed. (For soils that
have alow primary cocsolidatioc. pressures
shooid be applied for at least 24 h. Ia extreme
cases, or where secondary compressioe must be
evaluated, they should be applied much

k loafer.) Thea apply the aext presmre iacre-
meat For pressure iacremeats where time ver-
so* deformatioa data are oat required, the load
should be left oa the sample for essentially the
same length of time as when time versus defer- '

mation readings are takes. Sufficient readings
should bt taken Bear the end of the preuure-
tacremeat period to allow for aay needed ex-
trapoiatioa of the time-deformaiioa curve.

IOJ If thickaess versas square root of time
plots are to be made, the time iatervab may be
adjusted to those that have easily obtained
square roots, for example. 0.09. 0.25. 0.49. I
mia. 4 mia. 9 mia. etc.

10.6 RttxM^d Where rebound or unload-
iag characteristics are desired, unload soil by
pressure decrements ia reverse order. However,
if desired, each successive load can be only one
fourth as large as the preceding load. Record
at time iatervab as suggested in 10.4. Note.
however, that for most soils the rebound will
be complete ia less time thaa would be required
for aa iacremeat of load during primary con-
solidation, but sufndeat readings should be
takea to verify that rebound is essentially com-
ptae.

10.7 Aa alternative loadiag. unloading, or
reloading schedule may be employed that re-
produces *i** coastructioa HTT" changes, or
obtaias better definition of some pan of the
stress-deformation curve, or aids in interpreting
the field behavior of the soil This should be
dearly indicated oa the test result*.

10.8 if the test is performed on an undis-
turbed sample that was either saturated under
field conditions or obuiaeU from below the
water table, it should be inundated after the
first load iacremeat is applied. As inundation
and specimen wetting occur, the load should be
increased if required, to prevent the specimen
from swelling, unless it leads to swell under th:
estimated ia situ vertical stress. If the specimen
compresses after iaundation. simply record the
amount of compression. Specimens also may
be inundated at pressures that simulate future
iauadation under field conditions. la such
cases, the pressure at iauadation and aay re-
salting effects, such aa expansion or increased
compressioe, should be noted ia the test results.

10.9 To minimize iwcO during disassembly,
the specimen should be rebounded back to a
very small stress aad dismantled quickly after
rdeasiag the final load oa the specimen. Re-
move the specimen aad the ring from the con-
solidometer and wipe the free water from the
ring and specimen. Remove the specimen from
the ring and determine its mass, oven dry it.

18S6



•ad reweigh it to obuia the dry mass of solids
aad the final wiicr ooaieaL If the original soil
«*«pk « very hv^rogeneous. a«y iadex too
•hovld be pcrfonueU on i portion of the teat
•penmen aad the remiiadcr eui be wed for i
AM! water coateai measurement. Porous stones
ahouU be boikd dean after the test to prevent
day from drying on them and reducing their
permeability.

ts of load where1 1. 1 From tboae
time-rate readings are obtained, plot the defor-
mation readings versus the log of time (in rain-
BUs) for each increment uf load or pressure as
the test progresses, aad for any increments of
rebound where time versus deformation data
have been obtained.

11.2 Find the deformation representing
100 % primary consolidation for each load
brremfrit First draw a straight line through
the points ip"M"*»»g the final readings and
thjtt exhibit a straight one tread aad a flat
•tope. Draw a second straight tine tangent to
the steepen pan of the deformation-log time
CBrve. The intersection represents the defor-
mation corresponding to 100 % primary coo-

Correct the deformation at
oonaotidition in aroorrlancr with the results of
the calibratkMi (sec Section I). Compresaioo
thai occun subsequent to 100 % primary con-
soBdatioo a defined as secondary compression.

11J Find the deformation itpmrnting 0 %
primary cooaolidatioo by sHocting the defor-
•tft»i*Mi« n my 2 times that have a ratio of I to
4. The deformation correcpoodiag to the larger
of the two times should be greater than * but
leaa than H of the total change m deformation
for the load increment The deformation cor-
responding to 0 % primary consolidation is
equal to the deformation corresponding to the
•matter1 time interval less the difference in the
deibi mat lorn for the two selected times

11.4 The deformation corresponding to 50
% primary consolidation for each load incre-
ment « equal to the average of the uacorrected
ddbrmatioos corresponding to the 0 aad 100
• deformations. The time required for 50 %
coMobdition under any lend iiHTffffM may
be found graphically from the deformation-log
time curve for that load increment, by observing
the time that corresponds to^50 * of the primary
cocjotidaiioa of the csrve.
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IIJ For each load increment for which
time-rate readings were obtained, compute the
coefficient of consolidation, e.. as follows:

where:
H - sampk height in metres (feet) for a dou-

bly drained sampk at 50 * consolida-
tion,

f» <• time for SO % consolidation in yearv and
r. « coeflkJenl of consolidation in m'/year

(ftVyear).
If H is in millimetres aad r in seconds or
r*"*?'** r. will be expressed in mraVs or
mmVmin. respectively, and conversion to more
convenient units b desirabk.

11.6 An alternative procedure requiring a
plot of deformation versus the square root of
time in minutes may be used to determine the
points of 0 and 100 % consolidatioe is well as
the coefficient of consolidation for each load
increment The initial pan of the curve b ap-
proximated by a straight line. The line b ex-
trapolated beck to r - 0. The corresponding
deformation ordiaatc represents 0 % primary
consolidation. A second straight line b drawn
through this point so that the abscissa of this
line is I.IS times the abscissa of the straight
line approximation of the initial pan of the
curve. The intersection of the new line with the
deformation-square root of time curve corre-
sponds to 90 % primary consolidation. The
deformation at 100 % primary consolidation is
tt more than the difference in deformations
between 0 and 90 % consolidation. Similarly.
the deformation at SO % consolidation is % of
the difference between that at 0 and 90 %. The
coefficient of consolidation can be found from
the time of 90 % consolidation by the formula:

H - sampk height for a doubly drained sam-
pk at 90 % consolidation, m (or ft),

fo -' time for 90 % consolidation, years, and
r. - coefficient of consolidation. mVyear

(ftVyear). •
If tf fe in millimetres and I in seconds or
minutes, the units, of c, wiO be mm'/s or
mm'/min. respectivery. aad conversion to more
convenient units b desirable. The square root
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of time method may also be used to obtain a
»*fc»e of t* if desired.

11.7 Compote initial void ratio. »vr ssn>
leu. uan weight, and degree of saturation.

the dry weight of the total
vonme is competed from

ts of the contai ring tad diame-
ter. Vofuoe of solid* a compated by dividing
the dry weight of specimea by the specific
gravity of the solids time* the ana weight of
water. Volume of voids is asnmed to be the
difference between the specimen volume and
the volume of the solids.

II.t Compute void ratio corresponding to
100 % primary consolidation (using corrected
deformation readings) for each load. As an
alternative, compote peicent compression at
100 % primary consolida lion for each load from
th« initial sampk height. As a second alterna-
tive. compute void ratios (or values of percent
compression) using the deformation values ob-
liieiil after a selected time interval that shall

portion of secondary cocaprts-
and such time interval shall be the same

for each load increment. However, if the "equi-
libham" vahie chosen b other than the 100 *
primary consolidation point, a note to this ef-
fect should be included with the tot results. It
should be noted that the second alternative
cited above will result in somewhat lower val-
ues of the preconsolidation pressure than are
fftKiirtH when the 100 % primary consolidation
points are used.
12. tefort

IZI The repon shall include the following
information:

III. I Identification and description of the
test sample, including whether soil b undis-
turbed, remolded! compacted, or otherwise pre-
pared,

12.1.2 Initial and final moisture content.
Ill J Dry mass and initial and final wet

unit weight.
12.1.4 Initial percentage saturation,
12.1.3 Specific gravity of solids or Atterberg

data i^
12.1.6 Specimen dimensions.
12.1.7 Condition of test (natural moisture or

mandated, pressure at inundation).
12.1.8 Preparation procedure used relative

to trimming; sute whether specimen was

trimmed, eitruded directly into the ring, or
tested directly in a ring from a nag-hoed sam-
frier.

12.1.9 Plot of log of tune or square root of
lime versus deformation, for those load incre-
ments where tune-rate readings were taken. For
organic or highly micaceous aoiL. or other vnl>
with appreciable secondary compression, a i>
highly desirable that log of time ptou extending
into the secondary compression region he in-
ended.

12.1.10 Plot of void ratio versus l^g of pres-
sure curve or percent compreuuon %er>u> log of
pressure curve.

111.11 In cases where time rate of consoli-
dation readings have been taken for several
load increments, a pkx of coefficient of consol-
idation vcnus log of average pressure. A» an
alternative, a plot of log of coefTicxni of con-
solidation versus log of average pressure curve
may be used. The method used for computing
e. should be noted. If time-rate readings were
obtained for only two bad increments, simply
tabulate the values of c. versus the average
pressure for the increment.

111.12 All departures from the procedure
outlined, including special loading sequences.
For example, it may be desirable to inundate
and load the specimen precisely in accordance
with the wetting or loading pattern expected in
the field in order to best simulate the response.
Smaller than standard load increment ratios
may be desirable for soils that are highly sen-
sitive or whoae response is highly dependent on
strain rate.
13. Precision and Accwacy

13.1 Section 5 of this method specifies the
sensitivity of the load and deformation mea-
surements. The corresponding accuracy of the
applied stress and resultant strain in the speci-
men can be computed from the specimen di-
mensions. The accuracy with which the test
results can be applied to the field varies from
case to case and depends on:

13.1.1 The quality of samples used.
13.1.2 The number of samples tested.
13.1J The vertical and horizontal distribu-

tion of the samples tested, aad
. -13.1.4 The heterogeneity of the soil profile
in the field.

13.2 A statistical analysb that includes both
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the sampling program aad the laboratory tea totiag at the variatioa in the tea results and
malts is reqoired to asseaa, ta aay awuuBffol the variations ia the boriaf logs. IB general it
vajr. the accuracy with vaica the tea roans caa be acted that the accuracy of settlement
*fpty lo the field, la the aewacc of each aa .predkxioos bawd oa eoeaolidatioa teas ia-
aBalym. ntm nyatrn aaana the appheabUity crease (OB a pcrceaiage basis) with the com-
of the IM ranks to the field qaaBtativdy by praaabilitye/tBcsoiL
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UNCONSOUDATED, UNDRAINED COMPRESSIVE STRENGTH
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»il.

I. Scope
1.1 This test method covers the determination

of the unconsolidated, undrained cornpressive
flrenglh (or maximum principal stress difference)
of cylindrical specimens of cohesive soils in un-
disturbed, remolded, or compacted conditions
usinf constant rate of deformation (strain-con-
trolled) application of the axial compression test
load and where the specimen is subjected to a
confining fluid pressure in a triaxial chamber.
No drainage of the specimen is permitted during
the test. The test method provides for the mea-
surement of the total stresses applied to the spec-
imen, that is, the stresses are not corrected fur
pore-water pressure. The total stress is the sum
of the effective stress and the pore pressure.

1.2 This test method provides data for deter-
mining undraincd strength properties anJ strevs-
strain relations for soils.

Nrrrt I —The determination of the unconsoddattfd.
undrained unenjth of cohmve toils without lateral
confinement is covered by Tm Methods D 2166.

NOTE 2—This ten method does not provide a pro-
cedure for baci pressure saturation of the tea speci-
mens. If back prnture saturation of the specimens is
required, the lest mud be performed utilizing proce-
dures and apparatus similar to those required for a
consolidated undrained lhaiial test. Howwer. due to
consolidation, which could occur dunng the saturation
phax. this modified procedure is not truly unconsoti-
dated. A lest method for the consolidated undraineU
triaxial lest is currently under development in Subcom-
mittee Dl 1.05.

NOTE J—This tea method does not include a pro-
cedure for obtaining pore pressure measurements. Fur-
thermore, at the rapid strain rates used in this test
method such measurements could be inaccurate. If pore
pressure measurements are desired, alternative proce-
dures such at the U.S. Bureau of Reclamation Method
£.|7cubeiaed.

1.3 The values stated in SI units are to be
regarded as the standard.

1.4 This standard may //m>Ar ha;ard<nu ma-
Itriah. ttperuiiimx. and equipment. This standard
dtx.*x nm purport In address all of the safely prob-
lems asxixiaied *ith its use. It is the mponsibil-
iiy iff the user iifthis standard to estaMsJi appro-
priate safety and Health praiiices and determine
the applicability i>f regulatory limitations prior to
use.

2. Referenced Documents
2.1 .-ISTM Standards:
D422 Method for Panidc-Si/c Analysis of

Soils-'
D65.1 Terms and Svmhols Relating to Soil

and R.X.V
DXM Tost Method for Specific Cira\h> ol"

Soils-'
DI5X7 Practice for Thin-Walled Tube Sam-

pling of Soils-'
D2I66 Test Methods for Unconlined Com-

pressi%e Strength of Cohesive Soil-'
D22I6 Method for Laboratory Determination

of Water (Moisture) Content of Soil. Rock,
and Soil-Aggregate Mixtures*'

D2487 Test Method for Classification of Soils
for Engineering Purposes-'

D24XX Practice for Devripnon and Identifi-
cation of Soils (Visual-Manual Procedure)-'

1 Thi* tea BWhod »iiBdrr the ̂ irudiniMi of ASTM Corn-
muter D-ll on Sal and tort ind a thr direct mponahUir of
Subcommittee DII.05 oa Suuctunl Preptruo e/Sak

CuntM •dhicm tffn^i April 24. 1*17. PttfeMied
1*17. OviuAy pubiutMd • D UM - 70. LM pfcvuui i
DM JO-12.

'XIMM/ took afASTM AM*to*i. Vet 04.M.
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D4220 Practices for Preserving and Trans-
poning Soil Samples-'

D43IX Test Method for Liquid Limit, plastic
Limn, and Plasticity Index of Soil$:

J. Tenniaoloty
3.1 Diiinun>n\
3.1.1 iriu\ial fiunpn-Miinn te\t—a test in

which a cylindrical specimen of soil encased in
an impervious membrane is subjected to a con-
fining pressure and then loaded axially to failure
in compression (as defined in 3.2.1).

3.1.2 principal urf\\ difji-rencf nr tlcviator
\trc\*—the difference between the major and
minor principal stresses in a triaxial test.

3.1.2.1 DiMiMinn—The principal stress dif-
ference or deviator stress is equal to the axial
load applied to the specimen divided by the
corrected cross-sectional area of the specimen, as
prescribed in Section 8. The major principal
stress in the specimen is equal to the deviator
stress plus the chamber pressure, and the minor
principal stress in the specimen is equal to the
chamber pressure.

3.2 Orwn/wnwu i>/ Term* 5/xri//Y /•» Thix
Standard

3.2.1 lailun-—the failure stresses arc taken as
the stresses in the specimen corresponding to the
maximum principal stress difference (deviator
stress) attained or the principal stress difference
(deviator stress) at 15% axial strain, whichever
is obtained first during the performance of a test.

3.2.2 urk-omiilidatnl-undraim'd it*npre\\i. •
\intiiitli—the value of the maximum principal
urns difference or deviator stress obtained dur-
ing the test.

4. SfeUflcucc aatf Use
4.1 In this lest method, the compressive

strength of a soil is determined in terms of the
total stress, therefore, the resulting strength de-
pends on the pressure developed in the pore fluid
during loading. In this test method fluid flow is
not permitted from or into the soil specimen as
the load is applied, therefore the resulting pore
pressure, and hence strength, differs from that
developed in the case where drainage can occur.

4.2 If the test specimens are 100% saturated,
consolidation cannot occur when the confining
pressure b applied nor during the shear portion
of the lest since drainage is not permitted. There-
fore, if several specimens of the same material

are tested, and if they are all at approximate!)
the same water content and void ratio when they
are tested, they will havtapproximately the same
undnined shear strength." The Mohr failure en-
velope will usually be a horizontal straight line
over the entire range of confining stresses applied
to the specimens if the specimens are fully satu-
rated.

4.3 If the test specimens are partially saturated
or compacted specimens, where the degree of
saturatit • is less than 100 T. consolidation ma>
occur when the confining pressure is applied and
during shear, even though drainage is not per-
mitted. Therefore, if several partially saturated
specimens of the same material are 'ested at
different confining stresses, they will not have the
same undrained shear strength. Thus, the Mohr
failure envelope for unconsolidated undrained
triaxial tests on partially saturated soils is usually
curved.

4.4 The unconsolidated undrained triaxial
strength is applicable to certain design situations
in geotechnical engineering practice where the
loads are assumed to take place so rapidly that
there is insufficient time for the induced pore-
water pressure to dissipate and for consolidation
to occur dunng the loading period (that is. drain-
age does not occur). The unconsolidated un-
drained tnaxial strength is used to determine
strengths at the end of construction.

4.5 Comprcssive strengths determined using
this procedure may not apply in cases where the
loading conditions in the field differ significantly
from those used in this test method.

5. Apparaiw
5.1 A.\ial Lading Device—The axial com-

pression device may be screw jack driven by an
electric motor through a geared transmission, a
hydraulic or pneumatic loading device, or any
other compression device with sufficient capacity
and control to provide the rate of loading pre-
scribed in 7.5. When the loading device is set to
advance at a certain rate of strain, the actual rate
of strain shall not deviate by more than ±10%.
Vibrations due to the operation of the loading
device shall be kept at a minimum.

NOTF 4—A loading device may be sud to provide
wflicienUy small vibrations if then; arc no visible np-
pies in a gfas of water placed on the loading piatrn
when the device it operating « the speed « which the
test tf ptifuf inco.
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5.2 A\iul LutuA.lSra.vu/vflf Dei-ice—The axial
toad-measuring device shall be a load ring, dec-
ironic load cell, hydraulic load cell, or any other
load-measuring device capable of the accuracy
prescribed in this section and may be a pan of
the axial loading device. The axial load-measur-
ing device shall be capable of measuring the axial
load to an accuracy of I % of the estimated axial
load at failure.

5.3 Chamber Pressure-Maintaining and Mea-
surement Device—The chamber pressure-main-
taining and measurement device shall be capable
of applying and controlling the chamber pressure
to within ± I % of the applied chamber pressure.
This device may consist of a reservoir connected
to the triaxial chamber and panially filled with
the chamber fluid (usually water), with the upper
pan of the reservoir connected to a compressed
fas supply, the gas pressure being controlled by
a pressure regulator and measured by a pressure
gage, electronic pressure transducer, or any other
device capable of measuring to the prescribed
tolerance. However, a hydraulic system pressur-
ized by deadweight acting on a piston or any
other pressure-maintaining and measurement
device capable of applying and controlling the
chamber pressure to the tolerance prescribed in
this section may be used.

5.4 Tnaxiat Comprnxittn Chamrnv—An ap-
paratus shall be provided in which the cylindrical
specimen, enclosed hy a membrane sealed to the
specimen cap and base, may be placed and sub-
jected to a constant hydrostatic fluid pressure.
The apparatus shall include a bushing and piston,
aligned with the axis of the specimen, through
which the load from the axial loading device is
transmitted to the specimen axially between the
specimen cap and base. The bushing and piston
shall be designed to minimize friction and lateral
thrust to the specimen cap.

5.5 Speiimen Cap and Base—An imperme-
able rigid cap and base shall be used to prevent
drainage of the specimen. The specimen cap and
base shall be constructed of a noncorrosive im-
permeable material, and each shall have a circu-
lar plane surface of contact with the specimen
and a circular cross section. The weight of the
specimen cap shall produce an axial stress on the
specimen of less than I kN/m1. The diameter of
the cap and base shall be equal to the initial
diameter of the specimen. The specimen base
shall be coupled to the triaxial compnasioa

chamber so as to prevent lateral motion or lilting
and the specimen cap shall be designed to receive
the piston such that the piston-to<ap contact
area is concentric with the cap. The specimen
cap during shear shall not tilt more than 5*. The
cylindrical surface of the specimen base and cap
that contacts the membrane to form a seal shall
be smooth and free of scratches.

NOTE 1—The sues produced by (he specimen cap
caa exceed I kN/m' provided the test data a corrected
far the effects of thai sutu.

5.6 Deformation Indicator—The deformation
indicator shall be a dial indicator capable of
measuring axial deformation to within 0.03 % of
the specimen height and having a travel range of
at least 20% of the initial height of the test
specimen, or any other measuring device, such
as electronic deformation measuring devices,
meeting these requirements of readability and
range.

5.7 Ritbkrr Membranes—The rubber mem-
brane used to encase the specimen shall provide
reliable protection against leakage. Membranes
shall be carefully inspected prior to use. and if
any flaws or pinholes are evident, the membrane
shall be discarded. In order to offer minimum
restraint to the specimen, the unstretched mem-
brane diameter shall be between 90 and 9S *r of
that of the specimen. The membrane thickness
shall not exceed 11- of the diameter of the spec-
imen. The membrane shall be sealed to the spec-
imen base and cap b> any method thai will
produce a positive seal. An equation for correct-
ing the principal stress difference (deviator stress)
for the effect of the stiffness of the membrane is
given in 8.5.

Noll A—The membrane is l)ptcall> *ealed using
Q-nnas »ith silicon grease hei»«n the cap and base
and the membrane.

5.8 Sample £v/iWrr—The sample extruder
shall be capable of extruding the soil core from
the sampling tube in the same direction of travel
in which the sample entered the tube and with
minimum disturbance of the sample. If the soil
core is not extruded vertically, care should be
taken to avoid bending stresses on the core due
to gravity. Conditions at the time of sample
removal may dictate the direction of removal,
but the principal concern is to keep the degree of
disturbance minimal.

5.9 Specimen Si;e Measurement Devices—
Devices used to measure the height and diameter
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or the specimen shall be capable of measuring
the desired dimension to within 0.1 5 of its
actual length and shall be constructed such that
their use will not disturb the specimen.

S.IO Timer—A tuning device indicating the
elapsed testing time to the nearest I s shall be
used for establishing the rate of strain application
prescribed in 7.5.

5. 11 Balances—The balance used to weigh
specimens shall determine the mass of the spec-
imens to within 0.1 % of the total mass.

5.12 Apparatus (or H aier Content, as specified
in Method D 2216.

5.13 .\fiscellanfous Apparatus—Specimen
trimming and carving tools, membrane and O-
ring expanders, compaction apparatus, and data
sheets as required.

6. Test SpcdBeas
6.1 Sptnmen Si:c—Specimens shall have a

minimum diameter or 30 mm and the largest
panicle contained within the test specimen shall
he smaller than % of the specimen diameter. If.
after completion of a int. it is found that oversize
panicles are present, indicate this information in
the report of test data under remarks. Determine
the average height and diameter of the test spec-
imen using the apparatus specified in 5.V. Take
a minimum of three height measurements 1120*
apart) and at least three diameter measurements
at each of the quancr points of the height. The
height-to-diameter ratio of the specimen shall be
between 2 and 2.5.

Smi 7—If large soil particles arc found in the
specimen after testing, a panicle-u/e analysis in accord-
ance with Method D 422 ma> he performed10 confirm
the visual observation and the results provided with the
lest report.

6.2 L'ndiaturhi-d Specimens—Prepare undis-
turbed specimens from Urge undisturbed sam-
ples or from samples secured in accordance with
Practice D 1587 or other acceptable undisturbed
tube sampling procedures. Undisturbed samples
shall be preserved and transported as outlined for
Groups C or D samples in Practices D4220.
Specimens obtained by lube sampling may be
tested without trimming, except for the squaring
of ends, provided soil characteristics arc such that
no significant disturbance results from sampling
and the specimen is uniformly circular. Handle
specimens carefully to minimize disturbance,
changes in cross section, or loss of water content

If compression or any type of noticeable distur-
bance would be caused by the extrusion device,
split the sample tube lengthwise or cut it off in
small sections to facilitate removal of the speci-
men with minimum disturbance. Prepare
trimmed specimens in an environment where the
change in the water content of the soil is mini-
mized (Note 8). Specimens shall be of uniform,
circular cross section perpendicular to the axis of
the specimen. Where pebbles or crumbling mult
in excessive irregularity along the outside edges
of the specimen or at the ends, pack soil from
the trimmings in the irregularities to produce the
desired surface. As an alternative, the ends of the
specimen may be capped with a minimal thick-
ness of plaster of pan's, hydrostone. or similar
material. Where soil conditions permit, a vertical
lathe accommodating the total sample may be
used as an aid in trimming the specimen to the
required diameter. Determine the mass and di-
mensions of the test specimen in accordance with
5.9 and 5.11. If the specimen is to he capped,
determine its mass and dimensions before cup-
ping. Enclose the specimen in the rubber mem-
brane and seal the membrane to the specimen
base and cap immediately after preparation.

Son X—A controlled hi|h-humkJii> room is u»u-
all> wed for this purpose.

6.3 R&mtiJttf .S/Hrimrru—Prepare the speci-
men by first thoroughly working the undisturbed
specimen, which has been tested and is still en-
cased in the rubber membrane, with the lingers.
Then reform the specimen by forming within a
mold having dimensions such that the remolded
specimen dimensions will be equal to those of
the undisturbed specimen. Exercise .care to avoid
entrapping air in the specimen. This will aid in
obtaining a uniform unit weight, in remolding to
the same void ratio as the undisturbed specimen,
and in preserving the natural water content of
the soil.

6.4 Cimipoited S/xrtmciu— Prepare speci-
mens using the companion method, predeter-
mined water content, and unit weight prescribed
by the individual assigning the lest. Compacted
specimens may be prepared by compacting ma-
terial in ai least six layers, using a pressing or
kneading action, into a split mold of circular
cross section having dimensions meeting the re-
quirements of 6.1. Material required for the spec-
imen shall be batched by thoroughly mixing soil
with sufficient water to produce the desired water
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content. After batching, store the material in a
covered container for at least 16 h prior to com-
paction. Specimens may be molded to the desired
density by either (/) kneading or tamping each
layer until the accumulative weight of the toil
placed in the mold is compacted to a known
volume or (2} by adjusting the number of layers,
the number of tamps per layer, and the force per
lamp. Scarify the top of each layer prior to the
addition of material for the next layer. The
tamper used to compact the material shall have
an area in contact with the soil equal to or less
than '/} the area of the mold. After a specimen is
formed, with the ends perpendicular to the lon-
gitudinal axis, remove the mold and determine
the mass and dimensions of the specimen using
the devices described in 5.9 and 5.11. Perform
one or more water content determinations on
excess material used to prepare the specimen in
accordance with Method D 2216.

NOTI 9—It a common (or the unii wcifthi of the
specimen aAer removal from the moid to be In* than
the value baaed on the volume of the moid. Thi» occur*
as a result of the specimen swelling alter removal of the
lateral confinement due to the moid.

Son 10—Eipenence indiatn that it n difficult to
compact. Kandle. »nd ufxain valid rrwtu with speci-
men* that have a degree of laturaiton that is prater
than about WS.

7. PlUCt^WT

7.1 Place the membrane on the membrane
expander or. if it is rolled onto the specimen, roll
the membrane onto the cap or base. Place the
specimen on the base. Place the rubber mem-
brane around the specimen and seal it at the cap
and base with O-rings or other positive seals at
each end. A thin coating of silicon grease on the
vertical surfaces of the cap or base will aid in
sealing the membrane.

7.2 With the specimen encased in the rubber
membrane, which is sealed to the specimen cap
and base and positioned in the chamber, asscm-
bk the triaxial chamber. Bring the axial load
piston into contact with the specimen cap several
times to permit proper stating and alignment of
the piston with the cap. When the piston is
brought into contact the final time, record the
reading on the deformation indicator. During
this procedure, take care not to apply an axial
sues to the specimen exceeding approximately
0.5 % of the estimated compressve strength. If
the wejfht of the peaoa is sufficient to apply an

• axial stress exceeding approximately 0.5 *? of the
estimated compressive strength, lock the piston

"in place above the specimen cap after checking
the seating and alignment and keep locked until
application of the chamber pressure.

7.3 Place the chamber in position in the axial
loading device. Be careful to align the axial load-
ing device, the axial load-measuring device. anJ
the triaxial chamber to prevent the application
of a lateral force to the piston dunng testing.
Attach the pressure-maintaining and measure-
ment device and fill the chamber with the con-
fining liquid. Adjust the pressure-maintaining
and measurement device to the desired chamber
pressure and apply the pressure to the chamber
fluid. Wait approximate!) 10 min after the ap-
plication of chamber pressure before continuing
the test.

NOTI I I — I n some cam the chamber »ill he filled
and the chamber pmwre applied before placement in
the axial loading device

Ncm 12—Make Hire the piuon n locked or held in
place b> the aaul loading dour before applunt the
chamber prevwre.

Smi 13—The purpuv of the waiting pmuJ iv to
allow the speomen to Mahtli/e under the vtumlvr
pressure pnor to application of the axial load.

7.4 If the axial load-measuring JCMCV is K<-
cateii outside of the tnaxtat chamber, the cham-
ber pressure will produce an upward force on the
piuon that will react against the axial loading
device. In this case, start the test with the piston
slightly abo\c the specimen cap. and before the
piuon comes in contact with the specimen cap.
either. (/) measure and record the initial piston
friction and upward thrust of the piston produced
b> the chamber pressure and bter correct the
measured axial load, or (?) adjust the axial load-
measuring device to compensate for the friction
and thrust. If the axial load-measuring device is
located inside the chamber, h will not be neces-
sary to correct or compensate for the uplift force
acting on the axial loading device or for piston
friction. In both cases record the initial reading
on the deformation indicator when the piston
contacts the specimen cap.

7.5 Apply the axial load to produce axial
strain at a rate of approximately I %/min for
plastic materials and 0.3 %/min for brittle ma-
terials that achieve maximum deviator stress at
approximately 3 to 6 % strain. At these rates, the
elapsed time to reach maximum deviator stress
will be approximately 15 to 20 min. Continue
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the loading to 15 ̂  axial strain, except loading
may be slopped when ihe deviator stress has
peaked then dropped 20 % ot the axial strain has
reached 5 % beyond the strain at which the peak
in deviator stress occurred.

7.6 Record load and deformation values at
about 0. 1 . 0.2. 0.3. 0.4. and O.S % stnin: then at
increments of about 0.5 % strain to 3 %; and.
thereafter at every I %. Take sufficient readings
to define the stress • stnin curve, hence, more
frequent readinp may be required in the early
stafes of the test and as failure a approached.

NOTT 14 — Anertutc intervals foe the reading may
be med provided sufficient poiau ire obtained to define
the turn • strain curve.

7.7 After completion of the tests, remove the
test specimen from the chamber. Determine the
water content of the test specimen in accordance
with Method D 2216 usinf the entire specimen.
unless representative cuttings are obtained for
this purpose, as in the case of undisturbed sped*
mem. Indicate on the test report whether the
water content sample was obtained before or
after the shear test, as required in 9.1.2.

7.8 Make a sketch, or take a photo, of the test
sped men at failure and show the slope angle of
the failure surface if the angle is \isihle and
measurable.

X. Ci km Unions
8.1 Calculate the axial strain. « (expressed as

a decimal), for a given applied axta! load, as
follows:

lateral arum art equal to vertical strains. The diameter
after volume chant? would be given b> D » Dj. I -

where:
A/. » change in length of specimen as read from

deformation indicator, and
/*. » initial length of test specimen minus an>

change in length prior to loading.
X.2 Calculate the average cross-sectional area.

I. for a given applied axial load as follo*v
.1 -.!,,/« I - ti

where:
.1,, » initial average cross-sectional area of the

specimen, and
< - axial strain for the given axial load (ex-

pressed as a decimal).
Noil IS— In the event that the application of the

chamber pmsurr results in a chanae in the specimen
length. A* should be corrected to reflect this chance in
volume. Frequently, this it done by assuming thai

8.3 Calculate the principal stress difference
(deviator stress). *, - «*. for a given applied axial
load as follows:

where:
P - measured applied axial load (corrected for

uplift and piston friction, if required see
7.4). and

A * corresponding average cross-sectional area.
8.4 Sims-Strain Curve— Prepare a graph

snowing the relationship between principal stress
difference (deviator stress) and axial strain, plot-
tint deviator stress as ordinate and axial strain
(in percent) as abscissa. Select the compresive
strength and axial strain at failure in accordance
with the definitions in 3.2.1 and 3.2.2.

8.5 Correction of Strength Due 10 Stiffness of
Rubber Membrane— Assuming units are consist-
ent, the following equation, or other acceptable
equations, shall be used to correct the principal
stress difference or deviator stress for the effect
of the rubber membrane if the error in principal
stress difference due to the stiffness of the mem-
brane exceeds 5 %:

where:

4 A.-/..

correction to be subtracted from
the measured principal stress dif-
ference.

— « diameter of specimen.
K. « Young's modulus for the mem-

brane material.
/ - thickness of the membrane, and
i, « axial strain.

8.5.1 The Young's modulus of the membrane
material may be determined by hanging a 10.0-
mm wide strip of membrane over a thin rod.
placing another rod along the bottom of the
hanging membrane, and measuring the force per
unit strain obtained by stretching the membrane.
The modulus value may be computed using the
following equation assuming units are consistent:
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where:
Em • Young's modulus of the membrane ma-

terial.
F - force applied to stretch the membrane.
Am - twice the initial thickness of the mem-

brane multiplied by the width of the
membrane strip.

L • unstretched length of the membrane, and
AL - change in length of the membrane due to

application of/*.
A typical value of A, for latex membrane is 1400
kN/m:.

Not i 16—The effect of the itifTncu of the mem-
brane on the lateral stress is usuall) assumed to he
negligible.

Nmi 17—The correction for ruhher memhranes is
based on simplified assumptions conoermnf their be-
havior during shear. Their actual hehavior is compiev
and there is not a consensus on more etact corrections.

(.6 Calculate the major and minor principal
total stresses at failure as follows:
m\ » minor principal total stress - chamber

pressure, and
•i - major principal total stress » delator

Stress at failure plus chamber pressure.
X.7 Calculate the initial degree of saturation

of the test specimen using the initial mass and
dimensions.

Not! IK—The specific fra*it> determined m ac-
cordance with Test Method D »SJ is required for cal-
culation of the degree of saturation, or an assumed
value ma> he used provided it is noted in the test report
that an assumed value »as used.

tained before or after the shear and from cuttinp
or the entire specimen).

9.1.3 Degree of saturation.
9.1.4 Height and diameter of the specimen.
9.1.5 Height lo diameter ratio.
9.1.6 The value of the compressive strength

and the values of the minor and major principal
stresses at failure.

9. 1 .7 Stress • strain curve as described in 8.4.
9.1.8 Axial strain at failure, in percent.
9.1.9 Average rate of anal strain to failure.

percent per minute.
9.1.10 Liquid and plastic limits, if deter-

mined. in accordance with Test Method D 43 IX.
9.1.1 1 Sketch or photo showing tvpe of fail-

ure. that is. bulge, diagonal shear, and the like.
9.1.12 Particle-si/c analvsis. if determined, in

accordance with Method D 422.
9.1.13 If a membrane correction was used, the

report shall state that a membrane correction was
used lo adjust the compressive strength and must
indicate the membrane correction equation that

9. Report
9.1 The report shall include the following:
9.1.1 Identification and visual description of

specimen, including soil group name, symbol.
whether specimen is undisturbed, remolded, or
compacted, and the like. Abo include specimen
identifying information, such as project location,
boring number, sample number, depth, and the
tike. Visual descriptions shall be made in accord-
ance with Practice D 24S8. <

9.1.2 Initial dry unit weight and water content
(specify if the water content specimen wa? ob-

IV 4<"rni««.Wirtr*r Tin/Mr W.l/««*W»M

, W /*r nti •* >a»mn •* • »* xr* nyWv ffr rmtrrlr /Anr <»•

9.1.14 In a remarks section notr an> unusual
conditions or other data that viould be considered
ncvtnsarv to nronerU interpret the results ob-
tained. lor example, slickensidcs. stratification.
shells, pebbles, roots, or hnttlcncsv

10. Precision aad Bias
10. 1 No method presently exists to evaluate

the precision of a group of triaxiaJ compression
tests on undisturbed specimens, due to specimen
variability. Undisturbed soil specimens from ap-
parently homogeneous soil deposits at the same
location often exhibit significantly different
strength and stress - strain properties.

10.2 A suitable test material and method of
specimen preparation have not been developed
for the determination of laboratory variances of
compacted specimens due to the difficulty in
producing identical cohesive soil specimens. No
estimates of precision for this test method are
available.
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PERMEAMJTY OF GRANULAR SOILS (CONSTANT HEAD)1

rf • My IM4.

1.

1.1 This test method coven the determination
of the coefficient of permeability by a constant-
head method for the laminar flow of water
through granular toils. The procedure is to estab-
lish representative values of the coefficient of .
permeability of granular toils that may occur in
Baton! deposits as placed in embankments, or
when used is bate counes under pavements. In
order to Emit coesotidatioe in Burner* duriac

this procedure is limited to disturbed
cootainiaf not more than 10% toil

the 7S-*m(Na 200) sieve.
1 AffleaUt

2.1 ASTM Standards:
D422 Method for Particle-Size Analysis of

Soft2
D2049 Test Method for Relative Density of

Cbbeskmlesi Soib3

3. Tt*

1

3.1 The foilowjnf ideal test cooditioos are
prerequishes for the laminar flow of water
M*T?m^ granular soiis und^r rmmnt-h^fj coo-
drtiooc

3.1.1 Continuity of flow with no toil volume
chaafe during a test,

3.1.2 Ftow whh the soil voids saturated whfa
water and no air buSbfes in the »oil voids,

3.1 J Flow in the steady stale whh no changes
ia hydraulic gradient, and

3.1.4 Direct proportiooality of velocity of flow
with hydraulic gradients bdow certain «aJues, at
which turbukat flow starts.

3 J. AD other types of flow involving partial
of toil voids, turbulent flow, tad un-

steady state of flow are transient in chinc-.tr and
yield variable and time-dependent coefficients of
permeability; therefore, they require special test
conditions and procedures.

4. ABftratw
4J Fermeameitrs. as shown in Fig. 1. shall

have specimen cylinders with minimum diame-
ters approximately S or 12 times the maximum
partide size ia accordaart with Table 1. The
permeameter should be fitted with: (/) a porous
disk or suitable reinforced screen at the bottom
with a permeability greater than that of the toil
specimen, but with openings sufficiently small
(not larger than 10% finer size) to prevent move-
meat of particles; (2) manometer outlets for
measuring the ton of head, A. over a length. /.
equivalent to at least the diameter of the cylinder.
(J) a porous disk or suitable reinforced screen
with a spring attached to the top, or any other
device, for apprying a light spring pressure of 22
to 45-N (S to 10-Jbf) tout load, when the top
plate is attached ia place. This will boid the
placement density and volume of toil without
significant change during the saturation of the
specimen aad the permeability testing to satisfy
the requirement prescribed ia 3.1.1.

4.2 Constaitl-Heod Filler Tank, is shown ia
fig. I, to supply water aad to remove most of

01104 m
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r, fined win fuhahie control
zroc«deacribedia3.1J.

4.3 Lao* Fu*>«i*, feed wnh special eyfan-
dricaJ spouts 23 ma (1 m.) ia diameter for 9.3-
HUB (H-ia.) maiimum ane pmxia sad 13 mm
(%ia.) in diameter far lOO^mn (No. 10) max>
own size partides. The length of the spout
SBoald be peaser tha the fefl length of the
peraMtflity rhatnhrr at IBM 130 BUB (6 ia.X

4.4 Spfcimeii Compaction Efvipmftu3—
Cceapactioc equipment as deemed desirable may
be aaad. The following sit "ty1 '̂ * vibrating
tamper fitted who a *»"[•"< foot 5 1 mm (2 in.)
in ditmffer. a sliding tamper with a «*Tf"f foot
SI mm (2 in.) ia diameter. tod a rod for sbdiag
w«|btsonoOi(0.23 B>) (for sands) to 1 k»(2.2S
Ib) (for soils whh a brje jravd cooteatX havict
aa adjustable height of drop to 102 mm (4 ia.)
for suds aad 203 ma (S in.) for »oib with tare:
gnvd contents.

4 .3 Vacuum Pvunp or Waur- Fevcft Aspirator,
for evscuatint »mj for saxunxinf soil Tpyitprn^
under ftifl vacuum (ice Fie. 2V

4^ )4anomntr Tubes, with metric scaks for

4.7 Bolaxct. of 24i(4.4-Jb) capacity, seasitrvt
to If (0 )̂02 fc).

44 3boop, with a capacity of about 100|(023
B>)o/nL

4.9 Miscellaneous Apparatus — ThenDome>
ten, dock whh sweep second baad, 250-oL
gnducte, quart jar, mixing pan, etc.

5.1 A representative suapk of air-dried gran-
ular sofl, coottininf tai thaa 10% of the m«e-
ritt pMBQg the 75-^n (No. 200) neve aad

prescribed ia 3J2 aad 3.3,-abaH be
fcy tbe iRffhod of qoanerag.

5J A sieve asatyaa (See Method D 422) snail

pleas aou prior to the permeaoikry lest. A*y
Mtner thaa 19 aui Ofc ia.) shall be
out by arriag (Method D422). This

I aot be ainffor the perme-
bot the perceataac of tbe

of the
tad comer jouf-Aould be otmrrt for

5J From the material from which the oversize
has been removed (see 3.2X leiect by the method
of quanehaf, a sample for testing equal to in
amount apcroximateiy twice that required for

ermeameter chamber.

ter to be used shall6.1 Tbe size of permeam
be as prescribed in Table I.

62 Make the foUowing initial measureaeau
in centimetre* or square centimetres and record
oa the data sheet (Fig. 3X the inside diameter. D,
of tbe permeameter, the length. L betwtta ma-
nometer outlets; the depth. H\, measured at four
symmetrically spaced points from the upper sur-
face of the top piate of the permeability cy Under
to tbe top of the upper porous stone or screen
temporarily placed on the lower porous piale or
screen. This automatically deducts the thJciaea
of the upper porous plate or screen from the
height rrtfwuT nv nn used to determine the vot-
ume of soil placed ia the permeability cylinder.
Use a dupikaie top plate containing four lane
symmetrkauy spaced openings through which

determine the avenge value for H,. Calculate the
croawectioQal area. A, of the specimen.

63 Take a small portion of the sampfe se-
lected as prescribed in 3.3 for waur content
determinatioQS. Record the weight of the remain-
ing air-dried sample (see 3.." ), W ,, for unit weight
determinatioos.

6.4 Place the prepared soil by one of the fol-
lowing procedures ia uniform thin layers approx-
imately equal in thirirnos after compacooe to
the «M»jpm™ axe of panicle, but not lot thaa
apprwimatriy 13 mm (0.60 in.).

6.4.1 For soils having a maximum size of 9.3
mm (H in.) or kav place the appropriate size of
funnd, as prescribed ia 4.3, ia the permeability
device with the spout in contact with tbe lower
porous piale or a JH n, or previously tamed
layer, aad fin the funnd whh sufficient soil to
fora a kyer, taking soil from different areas of
the sampk ia tbe pan. Lift the funnd by 13mm
(040 m-X or approximatdy the uncoosobdated
farytrthickaeai to be formed, aad spread the soil
whh a. IHTW spiral moticux. working fiuco the
puinem of the device toward the center, so dm

1947 g-11
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a uniform kryer is formed. Jtemh the soil ia me
P"» far each suecessrve layer to reduce
boa caused by taking soil from me pat

6.4J For soils with a maximum sL. ..——
thaa 9.5 mm (* m.\ spread the soil from a scoop.
Uaifora spreading en be ctaaaqj by tfding »
acooprul of sou m a aeariy horizontal position
down aloof the inside surface of the device to

•» (See Te« Method D 2049V
6.3 J Keiatne Density iMermediau Between

0 atd 100 % — By trial ia a separate amuimr of

the bottom or to the formed layer,
tte wop tad dnwmf it toward the
a aba* slow motioa; this allow the soil to ma
•moodily from the scoop in a windrow without

. Turn the permeabiEty cylinder suf-

adjust the curupaffioa to obtata reproducible
values of relative density. Cbrapacs the ad ia the
perHvaWify cyfadcr by tfaoe procedures ia Qua
teyen to a height about 10 cat (OJO ia.) above

ficieatty for the aen scooprui, thus progreaug
around the inside perimeter to form a uniform
compacted layer of a dtickaeai equal to the max-
imum parade size,

6J Compact successive layen of soil to the
draiinl relative density by appropriate proce-
dures, as follows, to a height of about 2 cm (O.S
in.) above the upper i

6J.I Minimum Density (0 % Jfefern* /)en-
jfty) Continue ptirim btyen of nil ia JUCCTV
M" 1te« -- - j*t tk« MMW^MAMM^ jA^^^wk *̂! *A A 4 IBy ooe of me proceow oescnoeo ta 0.4. i
or 6.4 J uattt the device • fiDed to tbe proper
tevd.

Msudmxm Dainty (100 X

• 6JiI Compaction by Vibrating Tamper—
GOwBpBct CaKn laYjffr of sou tboroucD*y with tbe
^An^VQVM^ taUBOCf• GJJtnOVttfigT t&£ QCut wftDQAfigT
action uniformly over the surface of tbe layer in
a regular paneia. Tbe pressure of con tart and
the """g*" of time of the vibrating a^iiun at each
spot should aot cause soil to escape fra
•B0 0QmO Ol wDC tUDOUtt fOOt. totK •COuUtC tO
looaea the layer. Make a sufficient number of
covenajes to produce nmiitium deztarty, at evi-
deaced by practically no vbibk moboo of surface

foot
6Ji2 Completion by Sliding Weight

7*tf*^p(r—Compact each layer of soil thoroofhry
by tampiaf blowi uaiformly dtstribuied over the
surface of the layer. Adjust the bright of drop
aad ajveiBBmoeat coverajes to produce

grave] content of dte soiL
6JJJ Compaction by Other Methods—

ly be accompbshai by.

•adr to bracket OK a
6.6 Preparation of Specimen for Permeability

Test:
6.6.1 Level tbe upper surface of tbe soil by

pacing tbe upper porous plate or screen ia posi-
tion and by rotating rt aeady back and forth.

6.6.2 Measure aad record: the final height of
specimen, H\ ~ Ht, by measunag the depth, Hi,
from the upper surface of the perforated top plate
employed to measure Ht to the top of the upper
umuus PBOC or screca at four symmetrically
spaced points after compreaaag the spring 1

; the final weight of air-dried soil
used ai the test (™\ ~ Wj) by woghtag the
renuindrr of soil, H/j, left ia me paa. Compute
aad record the unit weights, void ratio, aad re^
ative density of the test specimea.

6.6J Wru^hspsketm place, prmdowB the
top plate against the apriag aad attach it securer/

aa aff-tight seal. TBH ••«i«A«« the cunditioa de-
scribed in 3.1.1 of bokbag OK iaitial density
without •W^'ft^'f volume chance during tt>*

proved methods, such as by vibratory packer
, where care • taken to obtain a uni-

Using a vacuum pump or suitabk aspi-
rator, evacuate the spnrimca under 50 cm (20
in.) H| minimum for 15 mia to remove air
adhering to sod parades aad from the voids.
FbOow the evacuation by a stow satuntioa of the
specimen from the bortom upward (Fig. 2) under
luO vacuum ia order to free any remaiamg air ia
the specimen. Continued umatioa of the spec*
uaca can be maiataiaed more adeojuately by the
use of (/) desired water, or (2) water matataiaed
ia aa ia-Aow temperature sufBueady_higfl to
cause a decreasing irmpciaCun padknt • oie
speciiHrTt.during the texL Native'

1848
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of km mineral coolest (Note 4) should be used
tor the teat, hut ia aay cat the fluid should be
described oo fee report form CF5«, 3V Tha attiv
fa the condition described ia 3. 1.2 for saturation
of soil voids.

Non 4— N«JW
rack or toil 6* j*& h
(as wal * d»«nri i

^- -Hr

hat been saturated
• rafl of water. doae the

4.6 .3 After the
•ad the permeam
booora vah* oe the outkt tube (Fia> 2) aad
disconnect the vacuum. Care should be takea to
enaure that the permeability flow syseo aad the
maBometer system are free of air aad are working
Mti^Ktoruy. Rfl the inks tube whh water from
the coQitaat-head taak by sbfhtly opeainf the
fiher taak valve. Then connect the inlet tube to
the top of the permeameter, v-wa the inkt valve
slichUy and open the manou.rter outlet codes
slightly, to allow water to flow, thus freeinf them
of air. Connect the water manometer tuba to
the manometer outka aad fin with water to
remove the air. Qoae the inks vahc aad open
the outlet valve to aDow the wtter ia the maaoov
eaer tuba to reach their gable water levd oader
zero hfad,

7.
7.1 Gpea the inkt valve from the filter taak

liifhtiy for the first run to conditions described
ia 3,1.3, dday measurements of quantity of flow
aad beat until a stack head condition without
appreciable drift ia water manometer levels b
attained. Measure aad record the time, f, bead, A
(the difference in levd ia the manometers), quan-
tity of flow, C, and water temperature, 7. •

7.2 Repeat test nim at heads iacraaat by 0.5
can ia order to establish accurately the repoo of
laminar Bo* whh velocity. », (where r -QJAt\
directly proportional to hydraulic jndieBt. /
(wbere / - A/U When dcpaitores from the linear

tioa of turbulent Bo* condfticm. l<m iatervab
of head may be uaod to carry the tot run suflv
deady along ia the repoo of turbukat Bow to

tail repoo if it k aipHficant for field

0*04

7J Al the aMOpktioa of the penneabinty1

ia character. Aay hftu aad dark after-
horizontal streaks or tayus arc cvwcace

of fines.

S.I Calcuteie the coefficient of permeability.
tasfoflows:

k • QUAlk

k
Q
L
A
I
k

efficient of permeability.
quantity of water dsscharfed.
distance between manomcterv
croai Kctiooal area of specimen.
total time of discharge,

12 Correct the permeability to that for 2JTC
(6TF) by maftipfyiat k (see S.I) by the ratio of
• th^ ^̂ ^M »̂̂ M*%« *J k̂̂ M*̂ ^ «• k^^M •̂ ^ •̂̂ ^M t̂̂ VvM^ iMk wk^me vBcoany 01 water at ttat lemperuurt to tac
viscosity of water at 20rC (6TT).
9. •apart

9.1 The report of permeability teat shaD in-
dude the foOowinc information:

9.1.1 Project, dates, aunpk number, location,
depth, aad aay other pertinent information,

9.1.2 Grain size analysis, classification, mui-
mum partide size, aad perceatafe of any oversize
material act used,

9.1.3 Dcy unit wcttjht, void ratio. rdBDvc den-
sity at plaCfd, f1^ maTJtnum «ftH mitiitumn

9.1.4 A statement of any departura from
so thy results r*" be

9.U Cbmpkte teat data, as iadkated b the
laboratory form for leal data (see Fa> 3X aad

9.1.6 Test curves ptoctiof'vekcity, Q/Ai, ver«
sus hydraufic (radieat, A/L, coveria| the
of soil ideatificatiooa aad of relative deaani
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28-4 .2 Falling-Head Method

28-U.l PRINCIPUES
A diagram of the system used for measuring the hydraulic conduc-

tivity by the falling-head method is shown in Fig, 28-9. With a hydraulic
head difference, H, across the sample, the volume of water rfVthat passes
through the sample in time dt is given by

- -K(H/L). [9]

The difierential volume of water, dV, may be replaced by adH, where a
is the cross-sectional area of the standpipe. Integrating between limits:,.
H, and /* H: and solving for the conductivity yields the result:

Standplp*

Soil |
L

J

•I

Fia, 2t-9. Faflint-head system for meanriaf hydraulic cooduebviry. L b the length of the
toil ample, d is the diameter of the naadpipe, dH is the chute of hydnulic head that
occurs in time &, H a the hydnulic head difference acre** the ample at time £. rt. B
the initial aod H: u the final hydnulic head diffe



X - (aL/At) log, (HJH3 [10]

where A is the cross-sectional area of the sample.

2S-H2 APPA1ATUS
• The actual form of the apparatus may be quite varied. One possible

arrangement is shown in Fig. 28-10. The support for the sample should
have a high conductivity relative to that of the soil A suitable screen,
gauze, or doth barrier may be fastened to the bottom of the sample
cylinder, or a very high conductance porous stone such as those used in
consolidation apparatus, may be used. The diameter of the standpipe
should be chosen so that an easily measured change in head will occur
in a reasonable time, say between 1 and 100 min. The required tube
diameter may be estimated from

using appropriate values for the soil sample length, L, the diameter of
the sample, D, the time, r, the hydraulic head ratio, H, — Ht/Hj, and
the conductivity, K. With standpipe 2 cm in diameter and a soil sample
with a diameter of 7.5 cm, a length of 5 cm, and a head ratio of 1.1, the
largest conductivity that can be measured, using a fall time of 1 min, is

Stantfplp*

Overflow
..i

Conductance
Flat*

0-ftlnt* \ H/ \u

W»t«r
Kxonroir

Stopcock

. 28-10. Apparatus for meaiuruif hydraulic conductivity by the Mini-head method.



about 1 X 10~3 cm/s. The practical range of diameter for the standpipe
is 0.2 to 2 cm. If the fall time is limited to 100 min or less and a standpipe
with a diameter of 0.2 cm is used, the smallest K that can be measured
is about 1 X 10~7 cm/s. This corresponds approximately to the lower
limit of conductivity of silts and coarse days.

»-UJ PROCEDURE

The procedure given here is based on the apparatus shown in Fig.
28-10. If other falling-head apparatus is used, appropriate modifications
in procedure will have to be made.
1. Install the end caps on the sample in its retaining cylinder, and we:

the samples by supplying water to the bottom of the sample through
the three-way stopcock and the lower porous plate. If complete rather
than "natural" saturation of the sample is desired, the samples must
be wetted under vacuum or by COrdeaerated water flushing (see com-
ments on method of wetting in section -28-4.1.5).

2. Fill the space above the sample up to the overflow with water. This
may be done by flow upward through the sample, or by introduction
of water with a pipet or syringe at the top of the sample. A 50-mL
hypodermic syringe fitted with a large needle may conveniently be
used for this purpose.

3. Establish a water level in the standpipe somewhat above the level
chosen for Ht, by introducing water through the three-way stopcock.
The stopcock may be closed to hold the water in the standpipe until
everything is ready to make the flow measurements.

4. Conner, the standpipe to the sample by opening the stopcock, and
measure the time for the water level to fall from #, to H2.

5. Additional measurements may be taken by repeating steps 3 and 4.
6. When the flow-rate measurements are finished, drain the excess water

from the top of the sample and adjust the level of the water in the
standpipe to the top of the sample.

7. Remove the end caps from the soil core, and transfer the soil into »
moisture can. Determine the wet weight of the soil sample, W.. Obtain
the oven-dry weight of the sample, W+

28-4.2.4. CALCULATIONS

Calculate the hydraulic conductivity from Eq. [10].
Calculate the volumetric water content from

Calculate the bulk density from



2S-C2-S COMMENTS
Most of the comments made in section 28-4.1.5 on the constant-

bead method of determining saturated hydraulic conductivity also apply
to the falling bead method.

The experimental arrangement shown in Fig. 28-8 may be used for
either falling-head or constant-head measurements.

Conductivity measurements in relatively impervious materials (K <
1 X 10~7 cm/s) require excessively long measurement times with a stand-
pipe of reasonable diameter. The conductivity of such materials may be
measured by replacing the standpipe with a pressure transducer (Over-
man et aL, 1968; Nightingale & Bianchi, 1970; Remy, 1973). The volume
change per unit pressure change of many transducers is reasonably con-
stant over a certain range of deformation of the diaphragm of the trans-
ducer. The volume change per unit pressure head change of the standpipe
of a conventional falling-head system, Le., its cross-sectional area, may
be replaced by the reciprocal of the gauge sensitivity of the transducer,
S, in the formula for calculating conductivity by the falling-head method

K - (L/AtS) log, (HJHJ. . [12]

Because the volume change per unit pressure change of many transducers,
especially the diaphragm type, is generally smaller than that for a stand-
pipe, the range of measurement of K may be extended to much lower
values. However, certain precautions must be observed. Deformation of
the apparatus and sample with changing pressure must be kept to a min-
imum. Unconfined samples of materials that have conductivities low
enough that this method could be used will generally exhibit a change in
consolidation with change in water pressure, thereby complicating the
interpretation of the transducer response.

28-4.1.5 COMMENTS
The soaking procedure given above to wet the samples wfll not com-

pletely saturate them. Air will be trapped in the pores, and will tend to
disappear slowly as deaeraied water is passed through the sample. The
degree of saturation obtained in the sample can be estimated by com-
paring the volumetric water content with the total porosity calculated
from the bulk and particle densities.

The degree of saturation obtained by soaking may be representative
of that obtained in situ when a soil is flooded with water, and may be
called the natural saturation. The term satiated has also been used for
this state of wetting. If the conductivity at total saturation is desired, a
vacuum wetting procedure may be employed (see chapter 26 for details).
The samples may also be wetted to complete saturation by flushing them
with carbon dioxide, followed by wetting with deaerated water. After a
few pore volumes of water have passed through the sample, the CO: will
be dissolved in the water and the pore space will be filled with liquid.
This procedure works well with coarse-textured samples. Precautions must
be taken to prevent the introduction of air into the pores of the sample
after flushing with C02 and before wetting with water. In some cases, tfte
CO, deaerated water flushing procedure may be undesirable, becausetot
the acidic solution that is formed when the deaerated water is introducta
into the sample. .

A wide range of conductivity values wfll be encountered in
Figure 28-6 shows the magnitudes of conductivity to be expected
range of materials. •
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Fif. 2S-6. Hydraulic conductivity of various materials at saturation.

The Darcy equation is not valid for all flow in porous media. Analysis
of the various forces acting on the water passing through a porous medium
shows that the Darcy equation should be valid when the inenial forces
on the fluid are negligible compared to the viscous forces (Hubben, 1957).
As a practical matter, such a condition will prevail in silts and finer
materials for any commonly occurring hydraulic gradient found in nature.
In sands, especially the coarser sands, it wQl be necessary to restrict the
hydraulic gradient to values less than about 0.5 to 1 to apply the Darcy
equation. The range of validity of the Darcy equation can be demon-
seated by measuring the flux density resulting from a series of applied
gradients. The result should be a linear relation between the flux density
and the hydraulic gradient. If the applied gradient is too large, the re-
sulting flux density will be less than that predicted by the Darcy equation,
using a conductivity calculated at low hydraulic gradients.

Swartzendruber (1969) discusses a number of reasons for deviations
from the linear relation between flux density and gradient Deviations
have been observed, particularly in finer textured materials at low gra-
dients. Some of these deviations have been traced to experimental prob-
lems, but in other cases no such explanation could be found. Non-New-
tonian behavior of the fluid phase, changes in the soil matrix under flow,
and electro-osmotic effects are some of the possible reasons for nonpro-
portional behavior.

In many practical problems, nonproportional behavior is of little
consequence, especially if the experimental error is large enough to mask
the nonprpportionaliry. If there is reason to doubt the applicability of
the Darcy'equation, tests should be made to determine its validity. Ex-
tremely large hydraulic gradients should be avoided, if possible, in con-
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Fi(. 28-7. Experimental arrangement for measurinf hydraulic conductivity at low hydraulic
gradient.

ductmty measurements if such gradients are unlikely to be encountered
in the situations where the data are to be applied.

With the simple constant-head apparatus described above, the mea-
surement error of the volumetric flow rate will become appreciable at 5
mL/h or less. If the sample has a diameter of 7.5 cm and the hydraulic
gradient is about 1.2, this corresponds to a conductivity of approximately
2 X 10-' cm/s. This indicates that a more sensitive method of measuring
the volume flow rate is required for samples with low conductivity, or
that another method must be used, such as the falling-bead method de-
scribed in section 28—4.2. The simple constant-head apparatus described
above is not suitable for samples with very high conductivities, because
the siphon tubes cannot deliver water fast enough to maintain a constant
head of water on the sample. In such cases, an arrangement with hydraulic
gradient less than unity, as shown in Fig. 28-7, may be used.

A more elaborate system for measuring conductivity may be war-
ranted for studies of the physical principles of flow. The system for the
steady-state measurement of the conductivity of unsaturated soil, de-
scribed in section 28-5.1, may be used for the measurement of the con-
ductivity of saturated soil. An alternative system is shown in Fig, 28-8.
If a porous plate with a high conductance relative to that of the soil
sample cannot be found for the lower end of the sample, h is better to
install piezometers at two points along the axis of flow in the sample and
calculate the hydraulic gradient for the sample section denned by the
position of the tensiometers. The hydraulic head of the water in the
piezometers may be measured with water manometers, but a more ac-
curate measurement of the hydraulic gradient can be obtained with a
differential pressure transducer connected between the two piezometers.
The time required for the system to attain steady state is shorter for a
transducer system than for a manometer system.

An alternative to the use of piezometers in the soil is to measure the
bead loss across the soil-plate system and correct for the conductance of
the plate. The plate conductance, £*, is defined by
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Fif. 2S-S. A more elaborate apparatus for measurinf hydraulic conductivity of saturated
toils, which may be operated u constant head or fidling bead. The "side-arm", bubbte
tube minimfm aeration of the water supply.
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where A/f is the hydraulic bead difference across the plate, and K is the
volume of water passing through the plate of cross sectional area A in
time r.

A separate measurement of the plate conductance is made. The con-
ductivity of the sofl-plate system, <£>, is then measured, and the con-
ductivity of the soil, K, is calculated from

K - L I (LJ<K> - \lkb) [8]

where L, is the thickness of the combined soil-plate system, and L is the
thickness of the soil sample. In this procedure, it is assumed that the
conductance of the plate does not change from the time that it is measured
separately until it is used in the composite measurement, and that no
significant contact resistance between the soil and the porous plate is
present. The factor 1/&* which is the resistance of the plate, should be
less than about 10% ofLJ<X>.

An appreciable error may be made in the measurement of low flow
rates due to variations in the degree of "holdup" of water on the w?Il$
of a measuring buret. Evaporation losses also become relatively more
significant Precautions should be taken to minimize these errors when
the flow rate is low. The movement of a meniscus in a clean horizontal
calibrated tube may be used for low flow rate measurements with the
flow cell shown in Fig. 28-8. The use of a short bubble (<1 cm) in a
calibrated tube is subject to possible error due to water bypassing the
bubble, and is not generally recommended.
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A. EPA Region/Client: — ~
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D. Date of Request:
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the Contract Laboratory Program. In order to most efficiently obtain laboratory
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Incomplete or erroneous information may result in a delay in the processing of your
request. Please continue response on additional sheets, or attach supplementary
information as needed.

1. General description of analytical service requested:
% ) in So/ /

<OQ
D-\ -

2. Definition and number of work units involved (specify whether whole samples or
fractions; whether organics or inorganics; whether aqueous or soil and sediments;
and whether low, medium or high concentration):

3. Purpose of analysis (specify whether Superfund (enforcement or remedial action),
RCRA, NPDES, etc.):

a. i
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*. Estimated date(s) of collection:

5. Estimated date(s) and method of shipment: (SVlP LShl/oWu'Vi.'C CL£

6. Number of days analysis and data required after laboratory receipt of samples:

7. Analytical protocol required (attach copy if other than a protocol currently used in
this program): — _________________________________________
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8. Special technical instructions (if outside protocol requirements, specify compound
names, CAS numbers, detection limits, etc.): ____________________

See ^tffrd^i/wg.n'f P>__________________

9. Analytical results required (if known, specify format for data sheets, QA/QC
reports, Chain-of-Custody documentation, etc.) If not completed, format of results
will be left to program discretion. ___________________________

10. Other (use additional sheets or attach supplementary information, as needed):

11. Name of sampling/shipping contact: YV\Afda. Î T*>> I________
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Precision Desired

____Parameter____ Detection Limit (-% or Concentration)
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expedite processing of your request for special analytical services. Should you have any
questions or need any assistance, please contact /our Regional representative at the
Sample Management Office.
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ATTACHMENT I

. Determination of organic carbon(%) in soil, using sub-aliquots of
air-dried soil, passed through a 100 mesh to 140 mesh screen. All of the
sub-aliquot must pass the screen. Applicable organic carbon concentration
range of interest 1s 0.1% to 2% (or larger) in soil, (dry weight basis).
Laboratory may report lower concentration values.

Test procedures used for determining soil shall be theory combustion
(resistence furnace), 2) Dry combustion (induction furnace), 3) Dry combusiton
(automated methods), or 4) Wet combustion (combustion train) methods of
analysis specified by Table 29-1 of "Methods of Soil Analyses," Part 2 -
Chemical and Microbiological properties, 2nd ed., 1982, American Society of
Agronomy, and Soil Science Society of America, Madison, Wisconsin. Copies
of this copyrighted material are not being provided, because no laboratory
doing organic carbon analysis of soil should be without it.

Any automated dry combustion test procedure used must provide results
consistent with the other 3 methodologies and must be consistent with the
requirements of Chapter 29, Sections 29-1, 29-2, and 29-3, "Methods of Soil
Analysis" (MSA) Part II, 2nd ed., as appropriate. Soils can be calcerous
or noncalcerous soils, with varying amounts of organic carbon. Soils
determined may be subsurface as well as surface soils. If peat or muck
soils are ever encountered, the laboratory will provide with the case
narrative, limitations of any sample results and any solutions to problems
encountered. This is also true for any other problem sample types encountered.

The laboratory, providing organic carbon analysis data, will provide
information with the case narrative concerning methodology, instrumentation,
and specific QA practices used for the set of soils tested. Requested in-
formation is detailed in items #8, and #9 of this SAS.



ATTACHMENT 7
Analytical Methods - Organic Carbon in Soil

7a. Sample Preparation: Representative sub-aliquot of air-dried soil
(see % solids SAS) screened through 100 or 140 mesh as appropriate.
All of the sub-aliquot must pass this screen.

b. Test for Presence of Inorganic Carbon, MSA, Part II, Section 29-3.3.1.
Place finely ground soil on a spot plate, and moisten with a few drops
of water. Add 4 N HC1 dropwise to the wetted sample and observe any
effervescence. Allow sufficient time for dolomite to react (-5 min).
If inorganic carbon is absent proceed with Total Carbon in items *7c,
or 7d below. If inorganic carbon is present, or the test is not
definitive, proceed with tien.s #7e, or I7f prior to Total Carbon
measurements of Item #7c or #7d.

c. Total Carbon (Dry Combustion), MSA, Part II, Section 29-2.2.2. Use
this as a guide for instrumental specifications. Instrument must test
solid sample directly. Illustrative examples of this methodology are:

1) Total Carbon (Dry Combustion - Medium Temperature Resistance
Furnace), MSA, Part II, Section 29-2.2.3.

2) Total Carbon (Dry Combusiton - High Temperature Induction
Furnace), MSA, Part II, Section 29-2.2.4.

3) Total Carbon (Dry Combusiton - Other Instrumental Methods), MSA,
Part II, Section 29-2.2.5. Any other instrumentation such as
this must be justified and provide results as precise and
accurate as the results from Sections 29-2.2.3, and 29-2.2.4.

d. Total Carbon (Wet Digestion), MSA, part II, Section 29-2.3.2 Soil digested
in 60:40 mixture of sulfuric acid and phosphoric acid (containing
CO? evolved is absorbed and weighed, or absorbed in standard base and
titrated.

1) Specific examples are found in MSA, Part II, Figure 29-2,
Figure 29-3, and Section 29-2.3.3.

e. Pretreatment prior to Dry Combustion, MSA, Part II, Section 29-3.3.3.
Inorganic carbon is removed by treating sample in a combustion boat,
with 5X sulfurous acid (HzSOs). After several hours, remove the
excess HjjSOs by leaving overnight in an evacuated dessicator. Read
citation for further details.

f. Pretreatment prior to Wet Digestion, MSA, Part II, Seciton 29-3.3.2.
Inorganic carbon is removed by sulfuric acid - ferrous sulfate reagent
in apparatus used for total carbon (Wet Digestion) prior to Total
Carbon measurement. See citation for further details.

- (cont. next page) -



ATTACHMENT 7 ( Cont.)

9* Use only the methods specified above or obtain approval of CPMS,
CRL prior to use of other method. Test procedure description, and
description of specific measurement principles including equivalency
to each of the 10 items of Figure 29-1 of MSA, part II and sample
pretreatmenst of Section 29-3, MSA, Part II.

h. Laboratory performing Total Carbon determinations must use and have
a recognized procedure for removal of any inorganic carbon in sample.



ATTACHMENT 8

A variety of apparatus, Instrumentation, sample preparation systems
and read-cuts can be used. It is the responsibility of the laboratory to
provide appropriate QC audits and QC data with each set of samples tested.

*
If instrumentation requires calibration,.provide calibration curve,

including zero concentration standard and preparation blanks. Provide
positive control (a test sample prepared independently from calibration
standards) that provides a measure of accuracy of system. This should be done
for all systems including grarmctric read-outs.



ATTACHMENT 9
Analytical Results Required

As part of Case Narrative, attach description of test procedure and
Instrumentation used for measurement of Total C and removal of any Inorganic
C. Test procdure description must Include sufficient Information that the
nature of specific analytical result deliverable* can be determined Including
QC audits. In Case Narrative, discuss any problem type samples (Including
peat or muck soils)* limitations on any sample results, and soultion taken to
resolve any problems. A sample preparation log will be provided, as appropriate.

Bench record tabulating any order of any sample weights and tare weights
of absorbed C02» instrument calibrations, blanks, QA audits, etc., must be

^^ provided along with copies of any worksheets used to calculate results. In-
"̂"̂  elude copies of any instrument readouts. All must be legible. Report results

as % organic Carbon on a dry weight basis (103-105°).
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RMJRI2 RI9 ERA FS RD RA
(GHOEONE)

2. MEDIA

a. USE
fMCLEALL THAT
APPLY)

SOL

CHARAC,

GW

RSK
ASSESS.

SW/SED

EVAL
ALTS.

AM

BCQ
DESCN

BO

DETER
MOMTORNG

REMEDIAL
ACTON

OIHER

4. OBJECTIVE T>graLMt*>€ f gX/JTT /P

S. SITE INFORMATION
/"

AREA__ OEFTHTOGROUNOWATEn A>-/5

GROUND WATER USE _
801 TYPES Cfl3O^

SENSfTTVE RECEPTORS

caj>/-ftll ,
j ?

•. DATA TYPES (C«O£ APPROPRIATE DATA TYPES)
A. ANALYTICAL DATA •.PHYSICAL DATA

CONOUCTMTY
VOA
A8N
TCLP

PESTCOES TOX
PCS TOC
METALS BTX
CYANOE COO

PERIyCABUTY
FCFttSTTY
GfUNS&E

JJCDEK

HYDRAULIC HEAD
PENETRATION TEST

s~——~- §AV<PgHSfTY
^M— CoMoucrî i

7. SAMPLING METHOD (CGOE METHOD® TO BE USED;
ENVIRONMENTAL BIASED GRAB

SOURCE

PHASED
NTRUSME

I. ANALYTICAL LEVELS flNDC47El£VB/Si> AND EOUFtfNT * METHODS)

LEVEL1 FEIJSCREa<fJG.EQUingNT

LEVEL 2 FIELD ANALYSS • EOUFMEKT

T€*Jl*/A> COH6UCTI V/7V
"

LEVELS NCWCU* LABORATORY -METHODS.

LEVEL 4 CLP/RAS-METHODS_______
LEVELS MON STANDARD___________

SAMPLING PROCEDURES

BACKGROUND•2PER EVENT OR
CRITICAL (LIST) ________

10. QUALITY CONTROL SAMPLES<CC»WFMOftS£TSmMQMADJ
A.FCLD
COLLOCATED -8% OR __
REPLCATE- S%OR —
FIELD BLANK- 5% OR __
TRP BLANK • 1 PER DAY OR.

B. LABORATORY
REAGENT BLANK • 1 PER ANALYSS BATCH OR
REPLICATE -1 PER ANALYSIS BATCH OR
MATRIX SPKE • 1 PER ANALYSS BATCH OR
OTHER_______________________

11. BUDGET REQUIREMENTS
BUDGET_________
STAFF.

SOCDCLE Tt

CONTRACTOR t>DA/O>4L?g
SITE MANAGER VAN

PRIME CONTRACTOR
H Ag£4xS DATE /99



DQO SUMMARY FORM

1. SITE IPA
REGION

Rl> R12 RI9 ERA FS RD RA
rCMOfONE;

2. MEDIA SOL ow SW/SED 0IHBR

». USE
(CIRCLEALL THAT
APPLY)

' /ASSESS.)
EVAL
ALTS.

BOG
DETER

MDMTORNS

ACTON

one*

4. OBJECTIVE

S. SITE INFORMATION
t*>-

AREA___ DEP7HTDGfCUM>WATER -

GROUND WATER USE
sot. TYPES Ca5Oa. *<

t.Gyui'fc/' ***-l
-ftu . cJffiT

j?
I. DATA TYPES {CRCL£ APPROPRIATE DATA TYPES}.

* C1 A. ANALYTICAL DATA •.PHYSICAL DATA
PERMEABLJTY
KROGfTY
GRAN SIZE

HYDRAUXtCAD
PENETRATION TEST
HARDNESS

7. SAMPLING METHOD |C*»Ct£ /UETHOOfS) TO BE USED;
ENVnONMENTAL BIASED

SCLPCE CRT COVFOSITE

NON-NTRUSIVE

NTRUSVE

PHASED

•. ANALYTICAL LEVELS (NDICATELEVEKS)ANDEOUfUENTtMETHODS)

LEVEL 1 PELPSeREEMNS-EQUf'MEHT PH CMfiJO t> O M.eTEILS f

LEVEL 2 FIEU) ANALYSE - EQUPMENT

LEVEL 3 NONCLP LABORATORY • METHODS__
LEVEL 4 CLP/RAS-METHODS _SELfcL_J^12.
LEVELS -a A/rfc TF TttJ TO"

SLU

t. SAMPLING PROCEDURES

BACKGROUND•2PER EVENT OR
CRITICAL (LIST) Acu
PROCEDURES 1^'- OAit> SCO •

10. QUALITY CONTROL SAMPLES (COffftnl ORS£7STANDARD)
A. FELD & LABORATORY
COLLOCATED-3% OR ———————— REAGENT BLANK • 1 PER ANALYSS BATCH OR

, REPLICATE -1 PER ANALYSIS BATCH OR
} . MATRIXSPKE • 1 PER ANALYSS BATCH OR

OTHER____________________

REPLCATE- 5% OR \V7.
ngLPBLAMK.Ht.Qa 101.

TRP BLANK- 1 PER DAY OR

11. BUDGET REQUIREMENTS

BUDGET_________
STAFF.

SCHEDULE DP
"2-

CONTRACTOR I>D/VO<4L?g PRIME CONTRACTOR



DQO SUMMARY FORM

1. 8TTE

a. USE
(CIRCLE AU. THAT
APPtVJ

4. OBJECTIVE

lJ
S. SITE INFORMATION

/>.
AREA.___

QROltC WATER USE Skalfo<*J 64Urfc/"

0£PTHTOGROUM>WATER >-

a&u '~&s~nti\*j UX«/TV~

BENSfTIVE RECEPTORS -l •

•. DATA TYPES (CRCLE APPROPRIATE DATA TYPES)
A. ANALYTICAL DATA

PH
CONOUCTMTY
VOA
ABN
TCLP

PESTCDES
KB TOO
METALS BTX
CYANDE COD

PERMEABUTY
POROSITY
GRAM SIZE

B. PHYSICAL DATA
HYDRAULCHEAD
PENETRATONTEST
HARDNESS

7. SAMPLING METHOD <Cftd£ UETHOO(S) TO BE USEDL

ENVROfMENTAL (̂ ^̂ ) ('GRAB^

SOURCE GRBIi

PHASED

•. ANALYTICAL LEVELS (tGCATEL£VELJS) AHD EOUrU£NTt METHODS)

IEVEL1 FELDSCREENHG-EQUPMENT A/o^/g - _5o/<- C

LEVEL 2 FIELD ANALYSIS • EOU*»MENT
LEVELS NON-CLP LABORATORY -METHODS

LEVEL 4 CLP/RAS • METHODS

LEVELS NON STANDARD

9. SAMPLING PROCEDURES

BACKGROUND • 2 PER EVENT OR
CRITICAL (LIST) 4U- 3

10. QUALITY CONTROL SAMPLES (CONFfHORSSTSTAfCARD)
A, HELD 8. LABORATORY
COLLOCATED-5% OR ———————— REAGENT BLANK -1 PER ANALYSS BATCH OR
REPLCATE- 5%OR ———————— REPLICATE • 1 PER ANALYSIS BATCH OR
FIELD BLANK-5% OR————————— UATRJXSPKE -1 PER ANALYSS BATCH OR
TRP BLANK • 1 PER DAY OR _____ OTH9_______________________

11. BUDGET REOUIREMENTS

BUDGET_________ SCHBXJLE

CONTRACTOR
SITE MANAGER

PRIME CONTRACTOR

DATE



DQO SUMMARY FORM

1. SITE EPA
REGION

W1JRI2 RJ3ERAFS RD RA

2. MEDIA

a. USE
1C*
APPLY)

SW/SED

BOG
bcicn

OTHER

MOMTDRffC
RBCDML
ACTON

OTHW

4. OBJECTIVE DgrE!lLMt~)£ f -»X/JtT

u./

S. SITE INFORMATION

AREA__2 DEPTH TO GROIN) WATER /0-/5

GROIN) WATER USE .Cieui
Ca3O. 95 coW-frl / /

•ENSTTVE RECEPTORS ?

•. DATA TYPES <CRCL£ APPROPRIATE DATA TYPES)
A. ANALYTICAL I •.PHYSICAL DATA

TCLP

HYORAUUCHEAD
PENETRATION TEST
HARDNESS

7. SAMPLING METHOD<Cm£AC7HCO«S77OI
ENVIRONMENTAL BIASED (GtVB

^..^
GRO COMPOSITE

NON-NTRUSIVE
NTRUSME

PHASED

t. ANALYTICAL LEVELS (NDCATE LEVEijS) AND EQWMENT* UETHOOS)

l£VB-1 FELDSCREENUG• EQUPMENT 0H.CCND DO xtf/-TgYLS

LEVELS FIEU) ANALYSIS • EOUFMENT____________________.
LEVEL 3 NON-CLP LABORATORY • METHODS

LEVEL 4 CLP/RAS - METHODS
LEVELS NON STANDARD, >A£>AM£TfXS O-CJL(j

t. SAMPLING PROCEDURES

BACKGROUND • 2 PER EVENT OR
CRITICAL (LIST) _______A

10. QUALITY CONTROL SAMPLES fCONFTM OR S£TSTANDARD)
A. HELD •.LABORATORY
COaOCATED-3% OR _______ REAGENT BLANK -1 PER ANALYSB BATCH OR
REPLCATE- »%OR .J£Y' UJ REPLICATE -1 PER ANALYSIS BATCH OR
rgLPaLAMic.gg.OB tOl- Cl) MATRIXSPKE -1 PER ANALYSB BATCH OR
TR» BLANK . 1 PgB PAY OR lO'l. £.1) OTHm____________________________

11. BUDGET REQUIREMENTS
BUDGET_________
STAFF__2_

SCHEDULE

CONTRACTOR t>P^Ot4L?g ___________ PRIME CONTRACTOR
SITE MANAGER VANP^A HA££JvS DATE ' 199 O



UUU rwrtm

1. SITE EPA

LOCATON
NUMBER

RI2 RI3 ERA FS RD RA
(OKLEONE)

2. MEDIA

a. USE
(OKLEAU. THAT
APPLY)

SOL

CHARACU
. (H*S)J

SW/SEO Aft

ENOG
DETER

one*

MOMTORNB
REMEDIAL
ACTON

OTtCR

4. OBJECTTVE ^gnB)£A>t*>€ f gX/JTT

FbC.
S. SITE INFORMATION

/•s.
AREA___ OEPTHTOGROUK) WATER -

GROUND WATER U
95 \t f>fiA/0<J

•. DATA TYPES <CRCL£ APPROPRIATE DAJAJ
A. ANALYTICAL DATA

TCLP

•.PHYSICAL DATA
CggHMEABLfTY
POHUSiW
GRAN SIZE
UJtOEMSfTY

HYDRAUXHEAD
PENETRATONTEST
HARDNESS

7. SAMPLING METHOD <CHCt£JUETHOP<S)
ENVRONMENTAL BIASED cRAB

80LFCE GRD COMPOSnE

NON-NTRUSNE

NTHJSVE
PHASED

•. ANALYTICAL LEVELS (NDICATELEVEljS) AND eOUFUENTt kfTHOOS)

LEVEL 2 FIELD ANALYSIS • EOUFMENT __

LEVELS NONCLP LABORATORY* METHODS
LEVEL4 CLP/RAS • UETHODS £ouJ '

LEVELS NON STANDARD

•. SAMPLING PROCEDURES

BACKGROUND-2 PER EVENT OR

CRfTICAL (LIST) 5

PROCEDURES

e. ouAlrrv CONTROL SAMPLES <COHFH» on SET STANDARD)
A, PCLD ft LABORATORY
COLLOCATED •$% OR . REAGENT BLANK -1 PER ANALYSB BATCH OR
REPLCATE- 5%Ofl —Jii——LJ) REPLICATE -1 PER ANALYSIS BATCH OR
PtfioaiAMK.Mt.np IQ-I. L2-1 MATRIXSPtCE -1 PER ANALYSS BATCH OR
TRFBLANK- 1 PCPPAVOP IQV- Ci) OTHER_______________________

11. BUDGET REQUIREMENTS
BUDGET_________ SCHEDULE

"PC C

CONTRACTOR "DPNOl4L?^
SITE MANAGER VAN

PRIME CONTRACTOR.



DUO SUMMAKT runm

1. SITE EPA
REGION

UOCATDN.
IkSE.

'COO 2.9 2.
RI1)RI2 RJ3ERAFS RO RA

2. MEDIA V *>L )te^si/ GW CW/SED BO OTHER

a. USE
(CJROfAU. THAT CHARAC

RSK
ASSESS.

ENSG
DESCN

PRP
DETER

MONTTORMS
RB4SMM.
ACTON

4. OBJECTIVE ,I)praLMt«J€ f £<A<Tfl/n;AVVvr- . gXArrr
, .fg>9K«gM/r~ O/L.

S. SITE INFORMATION

AREA_1 DEPTHTOGROUNOWATER -

QPOUtC WATER USE
got TYPES Cg5o <A-f>\ I
SENSITVE RECEPTORS j ?

**&

I. DATA TYPES <C*»CL£ APPROPRIATE DATA TYPES;
A. ANALYTICAL DATA

PH

B. PHYSICAL DATA
HYDRALUCHEAD
PENETRATONTEST
HARDNESS

7. SAMPLING METHOD <CWCLEACTHOO(SJ TO K USEy

ENVROMwCNTAL BIASED ^G^^ NON-NTRUSIVE
^^~«——-.

GRD COIyPOSlTE ( NTRUSIVE

PHASED

I. ANALYTICAL LEVELS (HOCATELSVEJJS)ANDeQUFMENT4 METHOOS;

LEVEL 2 FIELD ANALYSB • EQUIPMENT

LEVEL 3 NONCLP LABORATORY-METHODS__
LEVEL 4 CLP/RAS • METHODS S.O^J -*-/S sf

LEVELS NON STANDARD

I. SAMPLING PROCEDURES

BACKGROUND • 2 PER EVENT OR
CRITICAL (LIST)
PROCHXXES _

IfJlTALL AT1ON> ")

0. QUALITY CONTROL
A.FCLD
COLLOCATED -5% OR
REPLICATE. »% OR
FIELD BLANK -5% OR

Z2_Zi-_UJL

TR* BLANK • 1 PER DAY OH

» LABORATORY
REAGENT BLANK . 1 PER ANALYSS BATCH OR
REPLICATE - 1 PER ANALYSIS BATCH OR
MATRIXSPKE • 1 PER ANALYSB BATCH OR
OTHER _______________________

11. BUDGET REQUIREMENTS
BUDGET__________ SCHEDULE

CT"

CONTRACTOR
SITE MANAGER VAN g3S"A

PRHtlE CONTRACTOR.

DATE



DQO SUMMARY FORM

'• EPA
REGION

I RI3 ERA FS RD RA
fCfCLECNEJ

4. OBJECTIVE
l *S> < îlOl//VOW/ATB?

>. BITE INFORMATION

/0-/5

GROUND WATER USE S/Vy//OtO GyuifcS' H-C./IJ i'-£s~ no*J Vlttf'T'V

as

I. DATA TYPES (CWCLEAPPROPRIATEOATATYPSSL
A. ANALYTICAL DATA

C«NDucnvrf̂ )

B. PHYSICAL DATA
PERMEABUTY
POROSITY
GRAM SEE
BULK DENSITY

HYDRAUXHEAD
PENETRATCNTEST
HARDNESS

7. SAMPLING METHOD /CWOf/METXlDfS; TO fle
ENVRONMENTAt. BIASED GRAfl

SOURCE GRD COMPOSITE

M9N-NTRUSIVE

NTRUSWE

PHASED

I. ANALYTICAL LEVELS (WCATE LJEVEljS) AND BQUfUENT * METHODS)

IEVEL1 FELDSCREENMG-EQUPUENT ?» , COW . DO

LEVEL 2 FIELD ANALYSIS

LEVEL 3 NONCLP LABORATORY •METHODS
LEVEL 4 CLP>RAS-METHODS .______

LEVELS NON STANDARD CJLL

*-S. SAMPLING PROCEDURES

BACKGROUND • 2 PER EVENT OR
CRITICAL (LIST)
PROCEDURES

C4TT£Vv\^T T^ MV» /F /VOT

10. QUALITY CONTROL SAMPLES (CONFBM OR SET STANDARD)
A. HELD B. LABORATORY
COLLOCATED -5% OR REAGENT BLANK • 1 PER ANALYSB BATCH OR *£*•*">
REPLCATE- S%OR ̂ g.v \,Z) REPLICATE -1 PER ANALYSS BATCH OR I
FIELD BLANK. SSL OR >O / CZ) MATRIX SPKE .1 PER ANALYSB BATCH OR *
TR*» BLANK • 1 PER DAY OR 10 /• (-1 ) OTHER______________________________

11. BUDGET REQUIREMENTS
BUDGET_________
STAFF__2_

SOGXJLE

CONTRACTOR DD/VOHlPg'
BITE MANAGER VAN I

PRIME CONTRACTOR

DATE ^"W /??0



DQO SUMMARY

1. WTE CPA
MEOION

LOCATON^____________H *̂Kq "lA/r> 9fl<?CQQ, 1U1JRI2 RI3ERAFS RD RA

2. MEDIA
(CfWJfONE)

SOL GW SW/SED

X USE
THAT CHARAC.) DETER

MOMTORKJ
REMEDIAL
ACTON

one*

4. OBJECTIVE f

EXIST

S. BITE INFORMATION

4oAREA. DEPTH TO GROUND WATER /0-/5

GROUND WATER USE,
sc*.TYPEs_£fcS2i

M-f/Lf , rlftJ3 t&s~t\
( J t ^ / f f l l ,

SENSmvE RECEPTORS r ?
of fiH A/a* Gl/iACi*4

t. DATA TYPES {CRCLE APPROPRIATE DATA
A. ANALYTICAL DATA •.PHYSICAL DATA

PERMEABUTY

GRAN SIZE
BULKOENSfTY

HYDRALUCHEAD
PEfCTRATONTEST
HARDNESS

7. BAMPLINO METHOD (C«CLEME7WOO(S) TO B£ USED;
ENVRONMENTAL BIASED (OwT) NON-NTRU5IVE

GRO COMPOSITE WTROSIVE

PHASED

«. ANALYTICAL LEVELS f*BC*7E t£VEi/S; AND eOUFMENT A METHODS)

LEVEL1 FELDSCREENtJG.EQUPMENT fl

LEVEL 2 FIELD ANALYSB • EOUFMENT

Dt

LEVEL 3 NON-CLP LABORATORY • METHODS
LEVEL 4 CLP/RAS - METHODS .__
LEVELS MQNSTAMPAPn LjAnSIf

SAMPLING PROCEDURES

BACKGROUND -2 PER EVENT OR

CRITICAL JUST) _____ ALL-
PROCEDURES I S\JMf TD

10. QUALITY CONTROL SAMPLE! (COMT«W Off SET5MACUWD;
A.FELD B. LABORATORY
OOUOCATED-S%OR —— __ ——— _ REAGENT BLANK • 1 PER ANALVSS BATCH OR
REPLCATE - S% OR <PJ. tl) REPLICATE - 1 PER ANALYSS BATCH OR
FIELD BLANK -5% OR __i£JL__L!' MATRIXSPKE - 1 PER ANALYSS BATCH OR_ _ _ _
TRP BLANK - 1 PER PAY OH loV. I \\

11. BUDGET REQUIREMENTS
BUDGET_________

CONTRACTOR
BITE MANAGER VAN

PRIME CONTRACTOR.

DATE



OQO SUMMARY FORM

1. SITE EPA

LOCATCN.
OCQQZ92-

2 RI3 ERA FS RO RA
/CABLE CftCJ

2. MEDIA

a. USE
<C*CL£ ALL THAT t
APPLY)

SOL

CHARAC.V

ow

ASSESS.

BWAED

PRP
DETER

OTHER

MONTORKS
REMEDIAL
ACnON

OI>CR

4. OBJECTIVE gX/JTT

i/{LOuM/C/g-T 7^/2-

S. SITE INFORMATION
/̂ .

AREA.__.

SOL TYPES.

AjbVuiks'

SENSITIVE RECEFTORS

I. DATA TYPES (C«CL£ APPROPRIATE DATA TYPES)
A. ANALYTICAL DATA

pH PESTCOES TOX
PCS TOC
METALS SIX

COO

•.PHYSICAL DATA

TCLP

PERMEA8LITY
POROSITY
GRAM SEE
•UX DENSITY

HYDRAUXHEAD
PENETRATION TEST
HAPDNESS

7. SAMPLING METHOD <CACLEME7HOD/S9 TO BE USED;
ENVRONMENTAL ^ASED )̂ GRAB

SOURCE GRO COMPOSrrE

NON-NTRUSIVE PHASED

i. ANALYTICAL LEVELS (HDCATELEVELfS)ANDEOUPMENTAMETHODS)

LEVEL 1 FELD SCBEENfJG • EOCflPhgNT i/g/U &Y UUU .

LEVEL 2 FIELD ANALYSB - EOUFMENT

LEVELS NONCLP LABORATORY-METHODS
LEVEL 4 CLP/RAS • METHODS _______

LEVELS NON STANDARD. T\J6£S

•. SAMPLING PROCEDURES

BACKGROUND-2PER EVENTOR
CRITICAL (LIST)
PROCEDURES >tr K-VtrTE TKA.

Tt> IP I»I
10. QUALITY CONTROL SAMPLES <CC»fr*IORS£7STAtCAftD)

A.FBJ5 . - A * LABORATORY
COaOCATED.S%OR —— /t fV- u I REAGENT BLANK • 1 PER ANALYSS BATCH OR
REPLCATE- S%OR —— -— ; ———— MEPUCATE -1 PER ANALYSIS BATCH OR
FIELD BLANK - 5% OR —— /*>''• "°Hetf O^UATRIX SWKE - 1 PER ANALYSB BATCH OR

to '(•
'

TRF BLANK • 1 PER DAY OR. OTHER.

11. BUDGET REQUIREMENTS

BUDGET_________ SCHEDULE MfTH U*1 S7tPVCL FttL
STAFF ggu-oc>/sr

CONTRACTOR
BITE MANAGER VANg3S"A

PRIME CONTRACTOR.

DATE



DQO SUMMARY FORM

1. SITE

bum
EPA
REGION

LOCATDN. o fno 2.<J2~ R11)RI2 RI3 ERA FS RO RA

2. MEDIA
(CflCtfOAC?

SOL GW SW«ED MR

S. USE
{BRCLf ALL THAT
APPLY)

CHARAC.
PRP

DETER
MONnORNC

REMEDIAL
ACTON

4. OBJECTIVE

-/2/4rg-

S. BCTE INFORMATION

40AREA.

GROUNDWATERl

______ DEPTH TOGROUND WATER «L_|
Gaui'fts' IMF /Lf cij-

*#

SENSmVE RECEPTORS r ?

t. DATA TYPES (CHCL£ APPROPRIATE DATA TYPES)
A. ANALYTICAL DATA B. PHYSICAL DATA

PERMEABUTY HYDRAULIC HEAD
PENETRATION TEST

7. SAMPLING METHOD <C*«£ METHOD® TO BE USED;
ENVROMCNTAL BIASED

BOICE
tCrrttSj COMPOSITE

MON-timuSIVE

'WmusivT
PHASED

I. ANALYTICAL LEVELS (NDCATELEVELJS)ANDeOUFUENTt I/CTHOOS)

LEVEL1 FfJLDSCREENWG.EOUPMENT_________________
LEVEL 2 FIELD ANALYSS • EOOFMENT ._________________

LEVELS NONCLP LABORATORY-METHODS
LEVEL 4 CLP/RAS • METHODS

LEVELS NON STANDARD.

, 7/4y

9. SAMPLING PROCEDURES

BACKGROUND - 2 PER EVENT OR

CRITICAL (LIST) ________

10. QUALITY CONTROL SAMPLES {GONFfHI OR S£TSTANDARD)
A.FELD . ./ / > B.LABORATORY

REAGENT BLANK • 1 PER ANALYSS BATCH OR *&
A.RELD ._./ />
COLLOCATED -S% OR —— /£_L_12/
REPtCATE- S%OR ————————
FIELD BLANK -5% OR . _________
TRP BLANK • 1 PER DAY OR

REPLICATE • 1 PER ANALYS8 BATCH OR
MATRIX SPIKE - 1 PER ANALYSS BATCH OR
O1HER

11. BUDGET REQUIREMENTS

BUDGET_________
STAFF

SCHEDULE

CONTRACTOR PDA/O«4t?^'___________ PRIME CONTRACTOR.
BITE MANAGER VAN g3£A HAg£4vS__________ DATE



APPENDIX C

SAMPLE BOTTLE CLEANING PROTOCOLS



Table C-l

Container

Bottle Cleaning Requirements
Himco Dump RI/FS
Elkhart, Indiana

Cleaning
Protocol

120 ml wide mouth glass vials
40 ml glass vials with Teflon
septa

80 oz amber glass bottles
liter amber glass oottles

8 oz clear glass jars

liter polyethylene bottles
250 ml polyethylene bottles

B

C

QC Analyses

TCL VOA

TCL BNA
and PCB/P

TAL metals

TAL metals
Cyanide

ARCS/P'HIMCO/AD9



Protocol A (volatile organics)

• wash glass vials, teflon-backed septa, teflon liners, and caps in hot
tap water using laboratory grade non-phosphate detergent

• rinse three times with tap water
• rinse three times with ASTM Type 1 deionized water
• oven dry vials, septa, and liners at 125 degrees Celsius
• allow vials, septa, and liners to cool to room temperature in an

enclosed contaminant-free environment
• seal vials with septa and cap
• each case of 72 tested for TCL volatile organics, test results included

in case

Protocol B (extractable organics, metals)

• wash glass bottles, teflon liner, and caps in hot tap water laboratory
grade non-phospnate detergent

• rinse three times with tap water
• rinse 1:1 nitric acid (metals-grade HN03, ASTM deionized water)
• rinse three times with ASTM type 1 deionized water and dry
• rinse witn pesticide grade methvlene chlcride or hexane
• oven dry at 125 degrees Celsius, a.lcw to cocl to rcorr, temperature ir.

an enclosed ccntamnar.t-free environment
• place liners in lids and cap containers
• each case of 12 tested for TCL extractable organics, TAL metals, test

results included in case

Protocol C (metals, cyanide)

• wash polyethylene bottles and caps ir. hot tap water with laboratory
grade non-pnospnate detergent

• rinse with 1:1 nitric acid (metals-grade HNC>3, ASTM deionized water)
• invert and air dry in contaminant-free environment
• cap octtle
• each case cf 12 tested for TAL metals and cyanide, test results

included in case

Protocol C cleaned bottles will also be used for collection of BOD, COD,
chloride, sulfate, TSS, TDS, alkalinity, TP, TKN, NHj, NO2 + N03, and bromide.
Testing of each case of 12 for these parameters will not occur. Bottle
cleanliness will be assessed by filling one bottle of each lot with distilled
water and submitting to the SAS laboratories with the field samples for
analysis.

ARCS/P/HIMCO/AD9



APPENDIX D

FIELD METER CALIBRATION PROCEDURES

HNU Model PI 101
Fisher Accumet Model 955
Cole Parmer Model 4070 Conductivity Meter
YSI Model 54A Dissolved Oxygen Meter
Mini CONRAD II Portable Radiological Survey Meter
Lumidor Gasponder IV Model PGM-14



HNu Model PI 101 Calibration

The calibration of the HNu is to be checked daily before field use by using a
cylinder of isobutylene (HNu pn 101-350) with a regulator (HNu pn 101-351).

The ppm isobutylene reading, along with the span setting, is recorded in the
calibration report contained in the HNu case (35 ppm, span 9.8).

In the field, the calibration must be checked daily before use and readjusted,
if necessary, by using this cylinder and regulator as follows:

1. Connect the analyzer to the regulator and cylinder with a short piece of
clean tygon tubing.

2. With the SPAN setting at 9.8 and the function switch at the same positions
as listed on the Isobutylene Calibration Report, open the valve on the
cylinder until a steady reading is obtained.

3. If the reading is 35 ppm, the analyzer calibration for the original
species of interest is still correct.

4. If the reading has changed, adjust the SPAN setting until the reading is
35 ppm.

5. Shut off the cylinder as soon as the reading is established.
6. Record and maintain this new SPAN setting.

Notes:

A. The regulator sets and controls the flow rate of gas at a value preset at
the factory. This will be about 100 to 200 cc/min.; no adjustment to the
regulator is necessary in the field.

B. Do not use the cylinder below about 30 psig as readings below that level
can deviate up to 10 percent from the rated value.

C. Safely discard the disposable cylinder when empty and do not refill. It
is against the law to transport refilled cylinders.



Fisher Accumet Model 955 Calibration

To measure the pH values of samples that vary over a range wider than two pH
units, a two-point calibration will be done daily before field use to compen-
sate for less than 100 percent electrode efficiency. The STANDARDIZE control
provides the first set-point. The slope control sets the second set-point.

At pH 7, this "slope" adjustment has no effect on the readings. As readings
increasingly differ from pH 7, the adjustment's effect becomes more
pronounced - always in the opposite direction from one side of pH 7 to the
other. Therefore, both calibration set points should be on the same side of
pH 7.

Choose two buffer solutions with values that bracket the desired measuring
range, usually pH 7 and pH 10 for groundwater and surface water. The buffer
closest to pH 7 in value should always be used for the first set-point (with
the STANDARDIZE control), and the buffer furthest from pH 7 in value should
always be used for the second set-point (with the SLOPE control).

pH 7 Buffer Calibration:

1. Observe that electrode lead is securely connected to INPUT jack on instru-
ment top panel. Also be sure to remove protective cot from tip of
supplied combination electrode.

2. Observe that plug of ATC Probe is securely connected to °C jack on instru-
ment right-side panel.

3. Obtain pH 7 buffer and ensure that buffer temperature is within 10°C of
sample temperature.

4. Immerse electrode system and ATC Probe into buffer solution.
5. Set FUNCTION selector to °C position and place ON-OFF switch to ON posi-

tion. Set the slope control full counter clockwise.
6. Allow electrode system and buffer solution to reach thermal equilibrium

(°C reading steady), then determine exact pH of buffer solution from the
table of buffer pH versus temperature found on the bottle label.

7. Set FUNCTION selector pH position, then adjust STANDARDIZE control until
digital display indicates the pH value of buffer solution.

8. Remove electrode system and ATC Probe from buffer solution and rinse them
with distilled water.

pH 10 (or 4) Buffer Calibration:

1. Immerse the electrode system and ATC probe into the pH 10 buffer.
2. Set the FUNCTION selector to C position. Allow the electrode system and

buffer solution to reach thermal equilibrium ("C reading steady), then
determine the exact pH of the buffer solution from the table of buffer pH
versus temperature found on the bottle label.

3. Set the FUNCTION selector to the pH position, then adjust the SLOPE
control until the digital display indicates the pH value of the buffer
solution.

4. Remove the electrode system and ATC probe from the buffer solution and
rinse with distilled water.

5. The pH meter is now ready for sample measurements.



Notes:

Thermal equilibrium normally requires about one minute, but will vary
depending upon temperature difference between electrode system and buffers.



Cole Farmer Model 4070 Conductivity Meter

Two options for calibration of the Model 4070 are available in the field,
depending on instrument accessory availability. If the pre-calibrated probe
is available, this is the easiest calibration procedure to do in the field.
However, if the probe is not available, calibration will have to be done daily
before field use with a standard solution (commercially prepared):

Calibration with Pre-Calibrated Probe:

1. Connect a standard pre-calibrated probe to the unit.
2. Select the "Set K" position on the function switch.
3. Adjust the "Set K" control until the display indicates the value of the

cell constant as marked on the probe being used.
4. The standard X 1.0 probe has a cell constant range from 0.80 to 1.20 and

is calibrated to 2 decimal places. The display should be set to indicate
this figure exactly.

The standard X 10 probe has a cell constant range from 8.0 to 12.0 and is
calibrated to 1 decimal place. The display should be set to indicate this
figure shifted one place to the right.

The standard X 0.1 probe has a cell constant range from 0.08 to 0.12 and
is calibrated to 2 decimal places. The display should be set to indicate
this figure shifted one place to the left.

5. Before using the 20 uS range, the probe should be thoroughly rinsed in
deionized water, excess water shaken off and the outside of the probe body
wiped dry. The display should then be set to zero, with the probe in free
air, by using the "Zero 20 uS" control.

Calibration with a Standard Solution:

1. Select the "COND" range.
2. Immerse the conductivity cell and A.T.C. probe (if separate probe is being

used) into the prepared standard.
3. Select the 2000 uS range if using a 1000 uS or 1413 uS standard or other

suitable range if an alternative standard is being used.
4. Adjust the "Set K" control to give the exact readout of the standard solu-

tion selected on the display.
5. After carrying out the calibration with standard solutions as detailed

above and with the probe still in the standard solution and the display
set to the value of the standard solution, switch to the "Set K" range to
give a direct readout of the cell constant.

6. If the readout cannot be set to the value of the standard solution with
the "Set K" control, then the cell constant lies outside the "Set K' range
of 0.80 to 1.20. In such cases, the display should be set to read 1.00 on
the "Set K" position, the display reading on the range giving the best
resolution should be noted and the cell constant calculated from the
following formula:



K - Conductivity of Standard Solution
Display Reading

This figure should be noted and (with the cell constant set to 1.00 on the
"Set K" position) the display reading should be multiplied by this figure
to obtain the correct conductivity.

Note:

Ensure that the conductivity standard has not reached or gone over the expira-
tion date marked on the container.



YSI Model 54A Dissolved Oxvpen Meter Calibration

The air calibration procedure described below should be done daily before
field use:

1. Place the probe in the YSI 5075A calibration chamber along with a few
drops of distilled water.

2. Vait approximately 10 minutes for temperature stabilization.
3. Switch to TEMPERATURE and read. Refer to Table 1 - Solubility of Oxygen

in Fresh Water and determine calibration value.
4. Determine altitude or atmospheric correction factor using Table II.
5. Multiply Table I calibration value by the Table II correction factor.
6. Switch to the appropriate mg/L range and adjust the CALIBRATE knob until

the meter reads the value calculated in Step 5. Wait two minutes to
verify calibration stability. Readjust if necessary.



Table 1 shows the amount of oxygen in mg/1 that is dissolved in air saturated
fresh water at sea level (760 mmHg atmospheric pressure) as temperature varies
from 0° to 45°C.

TABLE 1

SOLUBILITY OF OXYGEN IN FRESH WATER

Temperature mg/1 Dissolved Temperature mg/1 Dissolved
____°C Oxygen ____°C Oxygen

0 14.60 23 8.56
1 14.19 24 8.40
2 13.81 25 8.24
3 13.44 26 8.09
4 13.09 27 7.95
5 12.75 28 7.81
6 12.43 29 7.67
7 12.12 30 7.54
8 11.83 31 7.41
9 11.55 32 7.28

10 11.27 33 7.16
11 11.01 34 7.05
12 10.76 35 6.93
13 10.52 36 6.82
14 10.29 37 6.71
15 10.07 38 6.61
16 9.85 39 6.51
17 9.65 40 6.41
18 9.45 41 6.31
19 9.26 42 6.22
20 9.07 43 6.13
21 8.90 44 6.04
22 8.72 45 5.95

Source: Derived from 15th Edition "Standard Methods for the Examination of
Water and Wastewater."
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Table II shows the correction factor that should be used to correct the
calibration value for the effects of atmospheric pressure or altitude. Find
true atmospheric pressure in the left hand column and read across to the right
hand column to determine the correction factor. (Note that "true" atmospheric
pressure is as read on a barometer. Weather Bureau reporting of atmospheric
pressure is corrected to sea level.) If atmospheric pressure is unknown, the
local altitude may be substituted. Select the altitude in the center column
and read across to the right hand column for the correction factor.

TABLE II

CORRECTION FOR ATMOSPHERIC PRESSURE

Atmospheric Pressure Equivalent Altitude Correction
______mmHg______ or ______Ft.______ = Factor

775 540 1.02
760 0 1.00
745 542 .98
730 1094 .96
714 1688 .94
699 2274 .92
684 2864 .90
669 3466 .88
654 4082 .86
638 4756 .84
623 5403 .82
608 6065 .80
593 6744 .78
578 7440 .76
562 8204 .74
547 8939 .72
532 9694 .70
517 10472 .68
502 11273 .66

Source: Derived from 15th Edition "Standard Materials for the Examination of
Water and Wastewater."

ARCS/P/HIMCO/AF1



MiniCONRAD II Portable Radiological Survey Meter

The manufacturer recommends that the Mini CONRAD only be calibrated semi-
annually. Determine from the instrument log last date of calibration and
assess if in-field calibration will be needed. The calibration procedure is
as follows:

1. Place the range switch in the low (xl) position.
2. Remove the "xl" plastic screw that covers the low-range calibration

control.
3. Turn the MiniCONRAD II on and place the target center in the appropriate

field for the instrument being calibrated: Model 3034 3 mR/h.
4. Adjust the "xl" control for the proper indication on the meter scale.
5. Reduce the field by approximately 50 percent. The MiniCONRAD II must

indicate within 15 percent of the field value.
6. Replace the "xl" plastic screw.
7. Place the range switch in the high (xlOO) position, remove the "xlOO"

plastic screw and place the MiniCONRAD II target center in the appropriate
field: Model 3034 300 mR/h.

8. Adjust the "xlOO" control for the proper indication on the meter scale.
The field intensity is 100 times the value indicated.

9. Reduce the field by approximately 50 percent. The MiniCONRAD II reading,
multiplied by 100, must be within 15 percent of the field.

10. Replace the "xlOO" plastic screw and turn the MiniCONRAD II OFF.

Note:

For calibration purposes, the "target center" is the intersection of the
targets on the case.



Lumidor Gasponder IV Model PGM-14 Calibration

Calibration should be done at least daily before field use and after 12 hours
of continuous use. Before proceeding, ensure that Gasponder is fully charged.

I. Initial Calibration

1. Instrument should be run at least 15 minutes.
2. Place Selector on "BATT.TEST" - check reading.
3. Place Selector on H2S and set "ZERO."
4. Place Selector on CH4 and set "ZERO."
5. Before proceeding with calibration, examine the calibration kit model

PGM-14-10X to ensure that it contains:

One cylinder of Methane/CO (Approx. 50 percent LEL/250 PPM CO)
One cylinder of H2S (Approx. 25 PPM)
One Gas Regulator and Hose (Use only the regulator provided with the

kit)

II. Calibration

1. Locate opening provided at side of main case to gain access to calibration
adjustment for H2S and CH^.

2. Attach flow regulator on Methane/CO cylinder.
3. With Selector set to "CH4," check "ZERO" setting. If necessary, readjust

with panel adjustment only.
4. Repeat Step 3 for "l̂ S."
5. Return Selector switch to the "CH^" position. Turn on flow regulator, and

connect hose to unit using quick disconnect fitting.
6. After one minute, adjust calibration screw until reading is the same as

stated on cylinder label (i.e., 50 percent LEL).
7. Turn off flow regulator and remove regulator from cylinder.
8. Attach flow regulator to cylinder marked H2S (RED).
9. Turn selector switch to the H2S position. Turn on flow regulator and

connect hose to unit using quick disconnect fitting. After three minutes,
adjust calibration screw until reading is the same as stated on cylinder
(i.e., 25 PPM). Disregard "02" alarm that occurs during this test.

10. When calibration procedure is completed, remove the gas regulator from
cylinder, carefully repack all components and replace calibration cover
securely.

ARCS/P/HIMCO/AE8
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STANDARD OPERATING PROCEDURE FOR THE
FIELD MEASUREMENT OF VOLATILE ORGANICS BY HNu

I. PARAMETERS )

Volatile organics with ionization potentials of less than 10.2 eV.

II. RANGE OF MEASUREMENT

The linear range is 0.1-400 ppm, the useful range is 0.1-2000 ppm.

III. LIMIT OF DETECTION

The detection limit of 0.1 ppm was determined by the manufacturer based on the
response of benzene at a span setting of 9.8 and a 10.2 eV probe.

IV. SAMPLE MATRICES

Headspace above soil samples collected in split spoon samplers or with
trowels.

V. PRINCIPLE. SCOPE AND APPLICATION

The analyzer measures the concentration of trace gases present in the atmos-
phere by photoionization. Photoionization occurs when an atom or molecule
absorbs a photon of sufficient energy to release an electron and become a
positive ion. This will occur when the ionization potential of the molecule
in electron volts (eV) is less than the energy of the photon. The source of
photons is an ultraviolet lamp with an energy of 10.2 eV.

Sample gases enter through the inlet into the ion chamber and are exposed to
photons emanating from the ultraviolet lamp. Ionization occurs for those
molecules having ionization potentials near to or less than that of the lamp.
A positive-biased polarizing electrode causes these positive ions to travel to
a collector electrode in the chamber. Thus the ions create an electrical
current which is amplified and displayed on the meter. This is proportional
to the concentration of trace gas present in the ion chamber and to the sensi-
tivity of that gas to photoionization.

In service, the analyzer is first calibrated with a gas of known composition
equal, close to, or representative of that to be measured. Gases with ioniza-
tion potentials near to or less than 10.2 eV will be ionized. These gases
will thus be detected and measured by the analyzer. Gases with ionization
potentials higher than 10.2 eV will not be detected.

Ionization potentials for various atoms, molecules and compounds are given in
the Instruction Manual Appendix. The ionization potential of the major compo-
nents of air, i.e., oxygen, nitrogen, and carbon dioxide, range from about
12.0 eV to about 15.6 eV and are not ionized by any of the three lamps. Gases



with ionization potentials near to or slightly higher than the lamp are par-
tially ionized, with low sensitivity.

VI. INTERFERENCES AND CORRECTIVE ACTIONS

Air currents or drafts in the vicinity of the probe tip may cause fluctuations
in readings. Soil, dust, or debris drawn into the probe will result in low
readings and/or negative deflection of the meter. High ambient humidity and
high percent moisture samples will cause negative deflection of the meter.

To obtain stable, reproducible readings, corrective actions such as shielding
the probe from drafts or currents and rain should be done. Sample moisture
content is not controllable as representativeness dictates that no special
handling of the sample occurs that might bias chemical results. Any drying of
the sample would result in loss of volatiles. The field records should indi-
cate which samples were wet and note any negative meter deflection.

VII. SAFETY PRECAUTIONS

Do not look at the light source closer than 6 inches with unprotected eyes.
Observe only if necessary, then only briefly. Continued exposure to ultra-
violet energy generated by the light source can be harmful to eyesight.

The instrument measures gases in the vicinity of the operator and a high read-
ing when measuring toxic or explosive gases should be cause for action for
operator safety.

Use HNu only in an emergency with a low battery when on battery charge.

Turn the function switch on the control panel to the OFF position before any
disassembly. Otherwise, high voltage of 1200 vdc will be present. Use great
care when operating the analyzer with the readout assembly outside its case
due to the presence of 1200 vdc.

Do not interchange lamps of different eV ratings in a probe. Amplifier and
components are selected for a specific eV lamp. A probe with the wrong lamp
will not operate properly.

VIII. SAMPLE SIZE. COLLECTION. PRESERVATION AND HANDLING

Measurement is done on the soil contained in the split spoon sampler or trowel
placed in a clean 8-ounce jar with a teflon-lined lid. Measurement should be
made within 5 minutes of collection in the field. The jar should be half
full.

IX. APPARATUS

Clean 8-ounce clear glass jars with teflon-lined lid, hole the diameter of
the HNu probe drilled in top.



Duct tape.
HNu Model PI 101.
Isobutylene calibration gas cylinder and regulator.
Spare 10.2 eV lamps.
Battery charger.

X. ROUTINE PREVENTIVE MAINTENANCE

1. Battery

Check the battery charge during each period of operation, at least once daily.
If the battery is low as indicated by the meter reading or the warning indica-
tor, it is necessary to recharge the battery.

2. Lamp

During periods of operation of the analyzer, dust or other foreign matter
could be drawn into the probe forming deposits on the surface of the UV lamp
or in the ion chamber. This condition is indicated by meter readings that are
low, erratic, unstable, non-repeatable, or drifting, or show apparent moisture
sensitivity. These deposits interfere with the ionization process and cause
erroneous readings. Check for this condition daily. Cleaning can be accom-
plished as follows:

a. Disassemble the probe and remove the lamp and ion chamber. Exercise
great care in doing so to prevent inadvertent damage to these
components.

b. First check the lamp window for fouling by looking at the surface at
an incident angle. Any deposits, films or discoloration may inter-
fere with the ionization process. Clean the window as follows:

1) First clean by rubbing gently with lens tissue dipped in a
detergent solution.

2) If this does not remove deposit, apply a small amount of HNu
cleaning compound (PA101534) directly onto the lens of the lamp
and spread evenly over surface with a non-abrasive tissue (e.g.
Kirn-Wipe) or a lens tissue.

3) Wipe off compound with a new tissue.

4) Rinse with a warm water (about 80°F) or damp tissue to remove
all traces of grit or oils and any static charge that may have
built up on the lens. Dry with new tissue.

5) Reinstall lamp in detector and check analyzer operation.

6) If performance is still not satisfactory, replace the lamp.

3. Ion Chamber



a. Inspect the ion chamber for dust or particulate deposits. If such
matter is present, the chamber can be cleaned by removing the outer
Teflon ring, and the four screws holding the retaining ring. Care-
fully move the retaining ring aside (NOTE: this is soldered) and
remove the screen. A tissue or cotton swab, dry or wetted with
methanol, can be used to clean off any stubborn deposits. The
assembly can also be gently swirled in methanol and dried gently at
50-60*C for approximately a half hour. No liquid must be present at
reassembly as this would affect the performance. Do not clean the
ion chamber with the HNu cleaning compound.

b. Reassemble the probe and check analyzer operation.

c. If performance is still not satisfactory, replace the lamp.

XI. REAGENTS AND CALIBRATION STANDARDS

The calibration gas cylinder containing a certified value of isobutylene is
the only reagent/standard. Replace when empty, no shelf life is applicable.

XII. CALIBRATION PROCEDURES

The calibration of the HNu is to be checked daily before field use by using a
cylinder of isobutylene (HNu pn 101-350) with a regulator (HNu pn 101-351).

The ppm isobutylene reading, along with the span setting, is recorded in the
calibration report contained in the HNu case (35 ppm, span 9.8).

In the field, the calibration must be checked daily before use and readjusted,
if necessary, by using this cylinder and regulator as follows:

1. Connect the analyzer to the regulator and cylinder with a short piece of
clean tygon tubing.

2. With the SPAN setting at 9.8 and the function switch at the same positions
as listed on the Isobutylene Calibration Report, open the valve on the
cylinder until a steady reading is obtained.

3. If the reading is 35 ppm, the analyzer calibration is still correct.
4. If the reading has changed, adjust the SPAN setting until the reading is

35 ppm.
5. Shut off the cylinder as soon as the reading is established.
6. Record and maintain this new SPAN setting.

Notes:

A. The regulator sets and controls the flow rate of gas at a value preset at
the factory. This will be about 100 to 200 cc/min.; no adjustment to the
regulator is necessary in the field.

B. Do not use the cylinder below about 30 psig as readings below that level
can deviate up to 10 percent from the rated value.



C. Safely discard the disposable cylinder when empty and do not refill. It
is against the law to transport refilled cylinders.

XIII. SAMPLE PREPARATION

A. Soil

Soil obtained in split spoon samplers or by a hand trowel/corer should be
placed in a clean 8-ounce clear glass jar outfitted with a teflon-lined lid
with a hole the diameter of the HNu probe drilled in it. Fill the jar half
full, close tightly (lid hold should be covered with duct tape) and allow to
equilibrate for 2 minutes before measurement.

XIV. ANALYTICAL MEASUREMENT

1. Unclamp the cover from the main readout assembly.

2. Remove the inner lid from the cover by pulling out the two fasteners.

3. Remove the probe, handle and cable from the cover. Attach the handle to
the front part of the probe.

4. Connect the probe cable plug to the 12 pin keyed socket on the readout
assembly panel. Carefully match the alignment slot in the plug to the key
in the connector. Screw down the probe connector until a distinct snap
and lock is felt.

5. Screw the probe extension into the probe end cap. The probe may be used
without the extension if desired.

6. Set the SPAN control for 10.2 eV as specified by the daily in-field
calibration with isobutylene.

7. Turn the function switch to the BATT (battery check) position. The needle
on the meter will go to the green zone if the battery is fully charged.
If the needle is below the green arc or if the Low Battery Indicator comes
on, the battery must be recharged before the analyzer is used.

8. Set SPAN pot to 9.8.

9. Turn the function switch to the STANDBY position. Turn the zero adjust-
ment until the meter needle is at zero.

10. Calibrate the instrument daily as described in Section 12.

11. Turn the function switch to the appropriate operating position. Start
with the 0-2000 position and then switch to the more sensitive ranges.
The UV light source should be on, confirmed by briefly looking into the
probe to observe the purple glow from the lamp.



12. Peel back the duct tape from the lid and place the HNu probe in the hole.
Record the reading on the Soils Data Fora.

13. After completion of each days measurements, check battery condition as
described in No. 7.

14. Turn function switch to OFF position.

15. When not operating, leave analyzer in assembled condition, and connected
to battery charger.

16. When transporting, disassemble probe and extension from readout assembly
and return equipment to its stored condition.

17. In case of emergency, turn function switch to OFF position.

XV. FLOW CHART

Not applicable.

XVI. DATA TREATMENT

Not applicable, instrument provides direct real time readout in ppm units.

XVII. DATA DELIVERABLES

Record calibration details on Field Instrument Calibration Log and results on
Soils Data Form.

XVIII. QUALITY CONTROL REQUIREMENTS

Each day an upwind location will be used to determine the ambient background
level. One location for every ten will be selected for measurement as a field
duplicate. Two separate aliquots of soil will be placed in two 8-ounce jars.
No rpd limits have been established for field duplicate precision. Record
both reading on the Soils Data Form.

XIX. REFERENCES

Instruction Manual, HNu Model PI 101 Portable lonization Analyzer,
December, 1985.
HNu Systems (617) 964-6690

XX. METHOD VALIDATION DATA

Not applicable as volatile organics are being measured for field screening
purposes to select sampling locations for chemical analysis.
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Standard Operating Procedure
for the

Measurement of pH in the Field
Using the Fisher Accumet Model 955 Portable

pH/mV Temperature Meter

1. Parameter to be measured: pH.

2. Range of Measurement: 0.00 to 14.00 pH units.

3. Sample Matrix.

This method is applicable to drinking, surface, saline, and groundwater
samples; chemical domestic and industrial wastes; leachates.

4. Principle, Scope, and Application.

The pH of a sample is determined electrometrically, using a combination
sample-reference pH electrode.

5. Interferences and Corrective Action.

5.1 Any sample constituent which coats the electrode can cause sluggish
response. This can be eliminated by cleaning the electrode accord-
ing to manufacturer's instructions.

5.2 Temperature effects on the electrometric measurement of pH arise
from two sources. The first source is caused by change in
electrode output at various temperatures. This is avoided by using
the Automatic Temperature Compensation (ATC) probe. The second
source is the change of pH inherent in the sample at various tem-
peratures. Therefore, the sample temperature should be reported
with the pH.

6. Safety Precautions.

Common sense will eliminate the possibility of any hazards while the portable
pH meter is being used. Obviously, buffers and field samples must never be
pipetted by mouth. Handle the electrode carefully to avoid breakage. Since
the electrode will be measuring potentially hazardous material and all pH
electrodes leak small quantities of electrolytes, they must never be placed in
the mouth.

7. Sample Size, Collection, Preservation, and Handling.

Collect approximately 50 ml or more of the sample to be measured. To avoid
the possibility of cross contamination from sample to sample and contamination
of leaking electrolyte, the samples will be discarded after pH measurement and
not used for any other parameters. If for any reason the pH cannot be taken
immediately in the field, samples must be stored at 4°C and measured within a
24-hour period.



8. Apparatus and Materials.

8.1 Fisher Accumet Model 955 Portable pH/mV Temperature Meter
8.2 Three or more 50 ml plastic beakers
8.3 Commercially prepared pH 4.01, 7.00, 10.00 buffers
8.4 Squeeze type wash bottle, 125 ml or larger
8.5 Distilled water
8.6 Electrode; extra electrolyte for filling if necessary
8.7 Automatic Temperature Compensation (ATC) Probe
8.8 One or two 9-volt transistor batteries

9. Routine Preventive Maintenance.

9.1 The instrument and batteries should be checked and calibrated in
the laboratory before the field effort begins.

9.2 The accuracy of the buffer solutions used for field and laboratory
calibration should be checked. Buffer solutions need to be changed
due to degradation upon exposure to the atmosphere. (The date of
preparation of each buffer should be included on the bottle label.)
Record source of buffer and date opened on Field Meter Log Sheet.

9.3 Immerse the tip of the electrodes in water overnight. If this is
not possible due to field conditions, immerse the electrode tip in
water for at least an hour before use. The electrode tip may be
immersed in a rubber or plastic sack containing buffer solution for
field transport or storage. This is not applicable for all elec-
trodes, as some must be stored dry.

9.4 Make sure all electrolyte solutions within the electrode(s) are at
their proper levels and that no air bubbles are present within the
electrode(s).

9.5 Distilled water pH and conductivity should be monitored period-
ically.

9.6 The electrode should be stored and cleaned according to manufac-
turer's instructions.

10. Reagents and Calibration Standards.

Commercially prepared standardized buffers of pH 4.01, 7.00, and 10.00 are
used to calibrate the instrument. The source and date opened will be recorded
on the Field Meter Log Sheet.

11. Calibration Procedure.

Fisher Accumet Model 955 Calibration

To measure the pH values of samples that vary over a range wider than two pH
units, a two-point calibration will be done daily before field use to compen-
sate for less than 100 percent electrode efficiency. The STANDARDIZE control
provides the first set-point. The slope control sets the second set-point.



At pH 1, this "slope" adjustment has no effect on the readings. As readings
increasingly differ from pE 7, the adjustment's effect becomes more pronounced
- always in the opposite direction from one side of pH 7 to the other. There-
fore* both calibration set points should be on the same side of pH 7.

Choose two buffer solutions with values that bracket the desired measuring
range, usually pH 7 and pH 10 for groundwater and surface water. The buffer
closest to pH 7 in value should always be used for the first set-point (with
the STANDARDIZE control), and the buffer furthest from pH 7 in value should
always be used for the second set-point (with the SLOPE control).

pH 7 Buffer Calibration:

a. Observe that electrode lead is securely connected to INPUT jack on
instrument top panel. Also be sure to remove protective cot from
tip of supplied combination electrode.

b. Observe that plug of ATC Probe is securely connected to °C jack on
instrument right-side panel.

c. Obtain pH 7 buffer and ensure that buffer temperature is within
10°C of sample temperature.

d. Immerse electrode system and ATC Probe into buffer solution.
e. Set FUNCTION selector to °C position and place ON-OFF switch to ON

position. Set the slope control full counter clockwise.
f. Allow electrode system and buffer solution to reach thermal equili-

brium (°C reading steady), then determine exact pH of buffer solu-
tion from the table of buffer pH versus temperature found on the
bottle label.

g. Set FUNCTION selector pH position, then adjust STANDARDIZE control
until digital display indicates the pH value of buffer solution.

h. Remove electrode system and ATC Probe from buffer solution and
rinse them with distilled water.

pH 10 (or 4) Buffer Calibration:

a. Immerse the electrode system and ATC probe into the pH 10 buffer,
b. Set the FUNCTION selector to C position. Allow the electrode

system and buffer solution to reach thermal equilibrium (°C reading
steady), then determine the exact pH of the buffer solution from
the table of buffer pR versus temperature found on the bottle
label,

c. Set the FUNCTION selector to the pH position, then adjust the SLOPE
control until the digital display indicates the pH value of the
buffer solution,

d. Remove the electrode system and ATC probe from the buffer solution
and rinse with distilled water.

e. The pH meter is now ready for sample measurements.

Notes;

Thermal equilibrium normally requires about 1 minute, but will vary depending
upon temperature difference between electrode system and buffers.



12. Sample Preparation.

There is no sample preparation for this procedure other than allowing the
electrode system and sample solution to reach thermal equilibrium (steady
thermometer reading).

13. Analytical Measurement.

13.1 Calibrate the instrument (See Section 11).
13.2 Remove electrode system and ATC Probe from buffer solution and

rinse them with distilled water.
13.3 Immerse the electrode system and ATC Probe into the sample solution

and allow sufficient time for the electrode system and sample
solution to reach thermal equilibrium.

Notes; Thermal equilibrium normally requires about 1 minute, but will
vary depending upon temperature difference between electrode system and
sample.

13.4 Read the pH value of sample from the digital display and record on
the Well Purging and Sample Collection form. Remove electrode
system and ATC probe from sample and rinse with distilled water.
Repeat step 13.3 and 13.4 for remaining samples.

13.5 ON-OFF switch to OFF after last measurement.

14. Data Deliverables.

The pH accuracy will be assessed by performing two measurements on three stan-
dard buffer solutions. Each measurement will be within +0.05% standard unit
of the certified value for the buffer solutions. Precision will be assessed
through replicate measurements on field samples. The standard deviation of
four replicate measurements must be less than or equal to 0.1 standard unit.
The electrode will be withdrawn, rinsed with dionized water, and re-immersed
between each replicate. Calibration and verification will be done in the
field before the first replicate and after the last. The instrument used will
be capable of providing measurements of 0.01 standard unit. The instrument
will be calibrated at least once daily and every 10 samples and results
recorded on the Field Meter Instrument Calibration Log. Field replicates will
be done at a frequency of every 10 samples. This will be done in quadrupli-
cate. All field sample measurements will be recorded on the Well Purging and
Sample Collection form.

15. Quality Control Requirements.

Quadruplicate samples will be done every 10 samples by rinsing the electrode
after the initial reading, waiting 1 full minute, and then measuring the next
sample. The standard deviation of four replicate measurements must be less
than or equal to 0.1 standard unit.



16. References.

Material for this SOP was obtained from the Instruction Manual for the Fisher
Accumet Model 955 Portable pH/mV Temperature Meter, Catalog No. 69348.

17. Method Validation Data.

The parameter of pH is being measured for field screening to select sampling
locations and method validation data is, therefore, not required.
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Standard Operating Procedure
for the

Measurement of Specific Conductance in the Field
Using the Cole Farmer Model 4070 Conductivity Meter

1. Parameter to be measured: Specific Conductance.

2. Range of Measurement: Range (a) 0 to 19.99 mS
(b) 0 to 1999 uS
(c) 0 to 199.9 uS
(d) -30.0 to +150.0°C

Resolution (a) 0.01 mS
(b) 1 uS
(c) 0.1 uS
(d) 0.18C

3. Sample Matrix.

This method is applicable to drinking, surface, saline, and groundwater
samples; domestic and industrial wastes.

4. Principle, Scope, and Application.

The specific conductance of a sample is measured using a self-contained
portable conductivity meter equipped with an Automatic Temperature
Compensation (ATC) probe.

5. Interferences and Corrective Action.

5.1 Precipitation reactions and absorption of carbon dioxide from the
air can affect the specific conductance. This can be avoided by
taking the measurement as soon after sampling as possible.

5.2 Specific conductance is affected by temperature changes. The use
of the ATC probe will eliminate this problem.

5.3 Any constituent of the sample which can coat the conductivity probe
such as oil or grease, algae, or sedimentation can cause incorrect
or sluggish response. Dried salts or particulate matter allowed to
build up on the cell plates may cause the readings to be erroneous.
It is important to rinse the cell carefully with deionized water.

5.4 Ensure that no air bubbles are trapped in the cell area between the
plates. Failing to do so could cause a false reading.

6. Safety Precautions.

Common sense is the best safeguard against any potential hazards. Obviously,
one must never pipette samples or standard solutions by mouth. Handle the
probes carefully to avoid breakage. Since the meter will be measuring
potentially hazardous material, the probes must never be placed in the mouth.



7. Sample Size, Collection, Preservation, and Handling.

Samples should be collected in clean glass or plastic containers. The volume
should be such that the cell plates of the probe are completely immersed in
the sample. Samples may be filtered through a 4.5 m filter before analysis if
necessary. Specific conductance should be measured as soon after sampling as
possible, however, if readings cannot be taken immediately, samples should be
stored at 4°C and measured as soon as possible.

8. Apparatus and Material.

8.1 Cole Farmer Conductivity Meter, Model 4070
8.2 Conductivity probe
8.3 Automatic Temperature Compensation (ATC) probe
8.4 Clean sample containers
8.5 Squeeze-type wash bottle, 125 ml or larger
8.6 Deionized water
8.7 Calibration standard solution
8.8 Laboratory wipes - KimWipe or equivalent
8.9 Replacement batteries, types PP3, 6F12, or MN1640

9. Routine Preventative Maintenance.

It is necessary to keep the external surfaces clean and free from dust.

All conductivity probes should be thoroughly rinsed after use and stored in
deionized water. Particular care should be taken to ensure that the elec-
trical connections are free from dirt and debris. It is recommended that the
instrument be checked and calibrated before going into the field. The symbol
"BAT" will appear on the display if the batteries need replacing.

10. Reagents and Calibration Standards.

Potassium chloride standard solutions with a specific conductance closest to
the values expected in the field should be used. The table below may be used
for guidance:

SPECIFIC CONDUCTANCE OF KC1 SOLUTIONS AT 25 DEGREES CENTIGRADE

Concentration ____Specific Conductance_____
mol/1 mg/1 umhos/cm

0.0001 7.456 14.94
0.0005 37.28 73.90
0.001 74.56 147.0
0.005 372.8 717.8
0.00702 523.4 1000
0.01 745.6 1413
0.02 1591.2 2767

NOTE: This table has been modified from Standard Methods for the Examination
of Water and Wastewater (1980).



Standard solutions may be stored at 4°C for up to one week. Date of prepara-
tion can be noted on the container and on the Field Meter Instrument Calibra-
tion Log.

11. Calibration Procedures.

Cole Farmer Model 4070 Conductivity Meter

Two options for calibration of the Model 4070 are available in the field,
depending on instrument accessory availability. If the pre-calibrated probe
is available/ this is the easiest calibration procedure to do in the field.
However, if the probe is not available, calibration will have to be done daily
before field use with a standard solution (commercially prepared):

Calibration with Pre-Calibtated Probe:

a. Connect a standard pre-calibrated probe to the unit.
b. Select the "Set K" position on the function switch.
c. Adjust the "Set K" control until the display indicates the value of the

cell constant as marked on the probe being used,
d. The standard X 1.0 probe has a cell constant range from 0.80 to 1.20 and

is calibrated to 2 decimal places. The display should be set to indicate
this figure exactly.

The standard X 10 probe has a cell constant range from 8.0 to 12.0 and is
calibrated to 1 decimal place. The display should be set to indicate
this figure shifted one place to the right.

The standard X 0.1 probe has a cell constant range from 0.08 to 0.12 and
is calibrated to 2 decimal places. The display should be set to indicate
this figure shifted one place to the left.

d. Before using the 20 uS range, the probe should be thoroughly rinsed in
deionized water, excess water shaken off and the outside of the probe
body wiped dry. The display should then be set to zero, with the probe
in free air, by using the "Zero 20 uS" control.

Calibration with a Standard Solution:

a. Select the "COND" range.
b. Immerse the conductivity cell and A.T.C. probe (if separate probe is

being used) into the prepared standard.
c. Select the 2000 uS range if using a 1000 uS or 1413 uS standard or other

suitable range if an alternative standard is being used,
d. Adjust the "Set R" control to give the exact readout of the standard

solution selected on the display.
e. After carrying out the calibration with standard solutions as detailed

above and with the probe still in the standard solution and the display
set to the value of the standard solution, switch to the "Set K" range to
give a direct readout of the cell constant.



£. If the readout cannot be set to the value of the standard solution with
the "Set K" control, then the cell constant lies outside the "Set K'
range of 0.80 to 1.20. In such cases, the display should be set to read
1.00 on the "Set K" position, the display reading on the range giving the
best resolution should be noted and the cell constant calculated from the
following formula:

K » Conductivity of Standard Solution
Display Reading

This figure should be noted and (with the cell constant set to 1.00 on
the "Set K" position) the display reading should be multiplied by this
figure to obtain the correct conductivity.

Note;

Ensure that the conductivity standard has not reached or gone over the expira-
tion date marked on the container.

12. Sample Preparation.

If the sample contains a great deal of particulate matter which may interfere
with readings, they may be filtered through a 4.5 m filter.

13. Analytical Measurement.

13.1 Calibrate the instrument (See Section 11).
13.2 Rinse the conductivity probe and the ATC probe thoroughly with

deionized water, shake to remove internal droplets, and the outside
should be wiped before immersing into sample.

13.3 Allow the readout on the instrument to settle (usually about one
minute). Multiply the instrument readout by the correction factor
determined during calibration. Record the corrected conductivity
on the Well Purging and Sample Collection form.

13.4 Step 13.2 should be repeated after every sample to prevent cross-
contamination.

13.5 On completion of sample measurement, the probes should be
thoroughly rinsed in deionized water and for short term storage
should be kept immersed in deionized water so that the plates
remain wetted. For longer term storage, the probes should be
thoroughly rinsed in deionized water, the outside of the probes
wiped dry, and the probes stored dry. It should be noted that it
may take some time for stability to be achieved when a dry probe is
first used while the plate becomes re-wetted.

14. Data Deliverables.

Initial calibration of the instrument and continuing calibration check results
will be recorded on the Field Meter Instrument Calibration Log form. Summary
of sample analysis will be recorded on the Well Purging and Sample Collection
form, including sample duplicates.



15. Quality Control Requirements.

The meter will be read to the nearest 10 umhos/cm within a range of 0 to
20,000 umhos/cm. Accuracy of measurements shall be +5 percent of a standard.
The meter will be calibrated at least once daily and after every 10 field
samples. Field duplicates will be measured at a frequency of every 10 samples
by thoroughly rinsing the probes in deionized water, waiting one full minute,
and then immersing probes in the duplicate sample. Precision shall be a
standard deviation of ±10 percent.

16. References.

Material for this SOP was obtained from the Instruction Manual for the Cole
Parmer Model 4070 Conductivity Meter.

17. Method Validation Data.

The parameter of specific conductance is being measured for field screening to
select sampling locations, and method validation data is, therefore, not
required.
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Standard Operating Procedure for Field
Measurement of Dissolved Oxygen

I. PARAMETER

Dissolved Oxygen in mg/1

II. RANGE OF MEASUREMENT

0-10 and 0-20 mg/1
0-5 and 0-10 mg/1 with high sensitivity membrane

III. LIMIT OF DETECTION

0.05 mg/1 on 0-10 scale
0.1 mg/1 on 0-20 scale

IV. SAMPLE MATRIX

Water (surface, groundwater), residential well, wastewater

V. PRINCIPLE SCOPE AND APPLICATION

A thin permeable membrane covers a polarographic sensor. Oxygen enters
the membrane, and when a polarizing voltage is applied across the
sensor, oxygen reacts at the cathode causing a current to flow. The
membrane passes oxygen at a rate proportional to the pressure difference
across it. Oxygen is consumed at the cathode so the oxygen pressure
inside the membrane is zero. The force causing the oxygen to diffuse
through the membrane is proportional to the absolute pressure of oxygen
outside the membrane. If the oxygen pressure increases, more oxygen
diffuses through the membrane and more current flows through the sensor.
A lower pressure results in less current.

VI. INTERFERENCES AND CORRECTIVE ACTIONS

Air bubbles trapped under the membrane will cause pressure-induced
errors. Replace membrane after refilling with fresh electrolyte taking
care not to introduce air bubbles.

H2S, S02, halogens, neon, nitrous oxide, and CO are interfering gases.
For water samples with chloride concentrations of greater than
20,000 mg/1, compensation must be made for the differing temperature
solubility relationship of oxygen in sea water.

If the gold cathode becomes tarnished from contact with certain gases or
plated with silver from extended use with a loose or wrinkled membrane,
it will need to be replaced. Do not attempt to clean the cathode.



VII. SAFETY PRECAUTIONS

Disconnect battery charger before removing cover to replace batteries.
When replacing batteries, positive end of battery must go to red.

VIII. SAMPLE SIZE. COLLECTION. PRESERVATION. AND HANDLING

Samples should be collected in 200 ml BOD bottles directly from the
surface water body or residential tap with minimum agitation to entrain
air. No preservatives are applicable as measurement should be done
immediately after collection. Downhole measurement of dissolved oxygen
in monitoring wells should be done.

IX. APPARATUS AND MATERIALS

YSI Model 54ARC/54ABP dissolved oxygen meter
YSI 5720A self-stirring BOD bottle probe
YSI 5739 oxygen temperature probe
Battery charger eliminator
Detachable cable leads (10-200' as applicable)
Submersible stirrer
Calibration chamber
Standard membrane and KC1 Kit (includes membrane packets (0.001" thick),
30 ml KC1 bottle with Kodak Photo Flo*)

High sensitivity membrane and KC1 Kit (includes membrane packets
0.0005 " thick)
Spare 0 rings
BOD bottles
Scissors
Spare Ni-Cad 1.25 v batteries

X. ROUTINE PREVENTIVE MAINTENANCE

Check gold cathode for tarnish or plating monthly. Send in for service
annually.

Check probe for air bubbles and membrane for fouling daily and replace
as necessary. Average life is 2 to 4 weeks.

Check diaphragm for puncture and evidence of leakage of electrolyte
weekly. Replace, if needed, by unscrewing the retaining plug. Remove
diaphragm and washer, and flush any KC1 crystals from the reservoir.
Install new diaphragm, convoluted side in, replace washer, and screw in
retaining plug.

Rinse stirrer after each sample to maximize its life as hydrocarbons,
ozone, and strong acid and bases may degrade the flexible stirrer boot.

Store probe in the bottomless plastic bottle with a small piece of
moistened towel or sponge to keep electrolyte from drying out. Alterna-
tively, store probe in BOD bottle with about one-inch of water.



Battery replacement or recharging is indicated if the red line adjust-
ment cannot be made or calibration cannot be achieved even after probe
replacement/maintenance. Battery life should be three years or longer.
Recharge a minimum of 16 hours with the instrument on.

XI. REAGENTS AND CALIBRATION STANDARDS

Electrolyte solution available through YS1 or make as follows:

1. Prepare a saturated solution of KC1 using reagent grade KC1 and
distilled water.

2. Dilute saturated solution to half strength using distilled water.

3. Add two drops Kodak Photo Flo* per 100 ml solution to provide good
wetting of the sensor.

4. Store with meter, discard after one year.

XII. CALIBRATION PROCEDURES

The air calibration procedure described below should be done daily
before field use:

1. Place the probe in the YSI 5075A calibration chamber along with a few
drops of distilled water.

2. Wait approximately 10 minutes for temperature stabilization.
3. Switch to TEMPERATURE and read. Refer to Table 1 - Solubility of Oxygen

in Fresh Water and determine calibration value.
4. Determine altitude or atmospheric correction factor using Table II.
5. Multiply Table I calibration value by the Table II correction factor.
6. Switch to the appropriate mg/L range and adjust the CALIBRATE knob until

the meter reads the value calculated in Step 5. Wait two minutes to
verify calibration stability. Readjust if necessary.



Table 1 shows the amount of oxygen in mg/1 that is dissolved in air saturated
fresh water at sea level (760 mmHg atmospheric pressure) as temperature varies
from 0' to 45*C.

TABLE 1

SOLUBILITY OF OXYGEN IN FRESH WATER

Temperature mg/1 Dissolved Temperature nig/1 Dissolved
____*C Oxygen ____*C Oxygen

0 14.60 23 8.56
1 14.19 24 8.40
2 13.81 25 8.24
3 13.44 26 8.09
4 13.09 27 7.95
5 12.75 28 7.81
6 12.43 29 7.67
7 12.12 30 7.54
8 11.83 31 7.41
9 11.55 32 7.28
10 11.27 33 7.16
11 11.01 34 7.05
12 10.76 35 6.93
13 10.52 36 6.82
14 10.29 37 6.71
15 10.07 38 6.61
16 9.85 39 6.51
17 9.65 40 6.41
18 9.45 41 6.31
19 9.26 42 6.22
20 9.07 43 6.13
21 8.90 44 6.04
22 8.72 45 5.95

Source: Derived from 15th Edition "Standard Methods for the Examination of
Water and Wastewater."



Table II shows the correction factor that should be used to correct the cali-
bration value for the effects of atmospheric pressure or altitude. Find true
atmospheric pressure in the left hand column and read across to the right hand
column to determine the correction factor. (Note that "true" atmospheric
pressure is as read on a barometer. Veather Bureau reporting of atmospheric
pressure is corrected to sea level.) If atmospheric pressure is unknown, the
local altitude may be substituted. Select the altitude in the center column
and read across to the right hand column for the correction factor.

TABLE II

CORRECTION FOR ATMOSPHERIC PRESSURE

Atmospheric Pressure Equivalent Altitude Correction
______mmHg______ or ______Ft.______ - Factor

775 540 1.02
760 0 1.00
745 542 .98
730 1094 .96
714 1688 .94
699 2274 .92
684 2864 .90
669 3466 .88
654 4082 .86
638 4756 .84
623 5403 .82
608 6065 .80
593 6744 .78
578 7440 .76
562 8204 .74
547 8939 .72
532 9694 .70
517 10472 .68
502 11273 .66

Source: Derived from 15th Edition "Standard Materials for the Examination of
Water and Wastewater."



XIII. SAMPLE PREPARATION

None required, analyze immediately.

XIV. ANALYTICAL MEASUREMENT

1. Vith the instrument prepared for use and the probe calibrated, place
the probe in the sample to be measured and provide stirring by:

a. Dovnhole well measurement - use YSI submersible stirrer, or
provide manual stirring by raising and lowering the probe about
1 ft/sec.

b. Surface water and tap water measurements - place sample in BOD
bottle and use self-stirring BOD bottle probe or magnetic
stirrer.

2. Allow sufficient time (at least one minute) for probe to stabilize to
sample temperature and dissolved oxygen.

3. Read dissolved oxygen and record on Well Purging and Sample Collec-
tion Form.

XV. FLOW CHART

Not applicable.

XVI. DATA TREATMENT

Not applicable, read dissolved oxygen directly in mg/1.

XVII. DATA DELIVERABLES

Complete Field Meter Instrument Calibration Log and note any preventive
maintenance done. Record sample dissolved oxygen, date, time, and
analyst on Well Purging and Sample Collection Form under comments
column.

XVIII.QUALITY CONTROL REQUIREMENTS

No blanks, spikes, reference, or QC samples are applicable.

Every tenth sample analyzed, or at least once daily, sample will be
analyzed in duplicate by collecting a fresh aliquot of sample or raising
the submersible probe and reintroducing it into the well to take a
duplicate dissolved oxygen measurement. Error associated with just the
instrument is ±0.05 mg/1 or 5%, therefore, field duplicates are likely
to agree within ±0.1 mg/1 or 10%. If the variation is larger, check
instrument probe, battery, and diaphragm conditions.



XIX. REFERENCES

1. Instruction Manual YSI Models 54ARC/54ABP Dissolved Oxygen Meters,
YSI Incorporated, Yellow Springs, Ohio, August, 1988.

2. YSI Product Service (513) 767-7241 or 1-800-343-HELP.

XX. METHOD VALIDATION DATA

Not required, dissolved oxygen measurement used as field screening only.
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Standard Operating Procedure for the
Field Measurement of Radioactivity

I. PARAMETERS

Total alpha radiation
Total beta radiation
Total gamma radiation

ii. RANGE OF MEASUREMENT
At x 1 range rocker switch: 0-5 mR/h
At x 100 range rocker switch: 0-500 mR/h

or with external probe:
At x 1 range rocker switch: 0-5,000 cpm
At x 100 range rocker switch: 0-500,000 cpm

III. LIMIT OF DETECTION

1 mR/h or 1 cpm at X 1 range
100 mR/h or 100 cpm at x 100 range

IV. SAMPLE MATRIX

Soil collected during the installation of monitoring wells and the land-
fill cap investigation will be analyzed.

V. PRINCIPLE. SCOPE. AND APPLICATION

A halogen quenched Geiger - Mueller tube is used as the detector in the
Mini CONRAD II. The Mini CONRAD II is intended to be used as a survey
instrument by itself and a contamination meter with the external probe.
In order to quantatively assess the radioactivity present in site soils,
the external probe accessory will be sued to measure total alpha, beta,
and gamma contamination in counts per minute (cpm).

VI. INTERFERENCES AND CORRECTIVE ACTION

The operating temperature range is from -12*F to +122°F. Extremely cold
weather may result in erroneous readings. Use in a warmer environment
and bring sample to the meter rather than using it directly at the
sample collection site.

If the speaker or 9-volt battery is oriented so that it is between the
detector (probe) and sample to be measured or calibration source, the
instrument will not respond with the stated accuracy of 10%. Ensure
that the GM tube indicator target mark on the probe is aimed toward the
sample or calibration source.



VII. SAFETY PRECAUTIONS

The overflow circuitry insures that the meter will continue to read
full-scale in fields up to 100 times the maximum range, giving an indi-
cation of high radiation levels so the user can avoid exposure. How-
ever, the user should exercise caution in working in any suspected
radioactive environment.

The instrument has been drop-tested at heights of up to four feet onto
concrete. Caution should still be used in protecting the geiger tube
(probe) assembly.

VIII. SAMPLE SIZE. COLLECTION. PRESERVATION. AND HANDLING

Samples will be analyzed in the field directly from the split spoon or
sample trowel. No preservation is required.

IX. APPARATUS

Mini CONRAD II Portable Radiological Survey Meter
Meter 3089 Probe

X. ROUTINE PREVENTIVE MAINTENANCE

Semi-annual calibration by the manufacturer, Dosimeter Corporation, is
recommended. When the instrument is stored for longer than one week,
the 9-volt battery should be removed.

XI. REAGENTS AND CALIBRATION STANDARDS

The target center calibration standards is supplied with the instrument.
No shelf life or storage is applicable.

XII. CALIBRATION PROCEDURES

The manufacturer recommends that the Mini CONRAD only be calibrated
semi-annually. Determine from the instrument log the last date of cali-
bration and assess if any in-field calibration will be needed. The
calibration procedure is as follows:

1. Place the range switch in the low (xl) position.

2. Remove the "xl" plastic screw that covers the low-range calibration
control.

3. Turn the Mini CONRAD II on and place the target center in the appro-
priate field for the instrument being calibrated: Model 3034 3 mR/h.

4. Adjust the "xl" control for the proper indication on the meter scale.

5. Reduce the field by approximately 50 percent. The Mini CONRAD II must
indicate with 15 percent of the field value.



6. Replace the "xl" plastic screw.

7. Place the range switch in the high (xlOO) position, remove the "xlOO"
plastic screw and place the Mini CONRAD II target center in the appro-
priate field: Model 3034 300 mR/h.

8. Adjust the "xlOO" control for the proper indication on the meter scale.
The field intensity is 100 times the value indicated.

9. Reduce the field by approximately 50 percent. The Mini CONRAD II
reading, multiplied by 100, must be within 15 percent of the field.

10. Replace the "xlOO" plastic screw and turn the Mini CONRAD II Off.

Note:

For calibration purposes, the "target center" is the intersection of the
targets on the case.

XIII. SAMPLE PREPARATION

No sample preparation is necessary, probe is to be pointed at sample
contained in the split spoon or trowel.

XIV. ANALYTICAL MEASUREMENT

1. Check the battery by putting the power switch in the BATT (left)
position. The switch must be held in this position since it is
spring-loaded and will return to the OFF position when released.

2. The meter should indicate a reading in the BATT range. If the
reading is below, the battery should be replaced as less than 8 hours
of battery life remain.

3. Press the power switch to ON (right) position.

4. Plug in the probe and point the probe at the sample (within 2-
3 inches).

5. Select the desired range xl or xlOO with the range switch. Read the
cpm scale. For most sites/samples, the xl range is most applicable.

6. If the xlOO range is used, be sure to multiply the cpm reading by
100.

7. Record the cpm on the Soils Data Form.

XV. FLOW CHART

Not applicable.



XVI. DATA TREATMENT

Instrument is direct readout unless xlOO range is used. If xlOO range
is used, multiply readings by 100.

XVII. DATA DELIVERABLES

Not applicable. Record reading on Soils Data Form.

XVIII.QUALITY CONTROL REQUIREMENTS

One soil sample for every ten measured should be split into two aliquots
and have a reading taken on each. Both measurements should be recorded
on the Soils Data Form, and the rpd calculated. It is expected that
readings will agree to within 15%.

An off-site background soil will be measured daily to determine back-
ground counts.

XIV. REFERENCES

Instruction Manual, Mini CONRAD II Portable Survey Meter

Dosimeter Corporation (513) 489-8100

XX. METHOD VALIDATION DATA

Radioactivity is being measured for field screening and health and
safety purposes, so method validation data is not required.
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Standard Operating Procedure for the
Field Measurement of Methane and Hydrogen Sulfide

I. PARAMETERS

Methane (CH4), as % LEL
Hydrogen sulfide (̂ S), as ppm

II. RANGE OF MEASUREMENT

CH4 0-100% LEL
H2S 0-100 ppm

III. LIMIT OF DETECTION

CH4 1% LEL
H2S 1 ppm

IV. SAMPLE MATRIX

Gases, vapors, ambient air.

V. PRINCIPLE. SCOPE. AND APPLICATION

A catalytic sensor provides a linear output to the meter circuit to read
the presence of combustible gas. As the instrument is factory-cali-
brated to methane, the reading is equated with % LEL as methane. An
electrochemical reaction sensor provides measurement of H2S.

VI. INTERFERENCES AND CORRECTIVE ACTION

Water drawn through the sampling pump will contaminate the pump and
sensors. Attach a water trap and filter device as a preventive measure.
If water is sucked into the pump, open the instrument and dry it quickly
with a warm air drier as soon as possible. The unit must then be sent
in for service.

VII. SAFETY PRECAUTIONS

The Gasponder IV is designed to be intrinsically safe for operation in
confined spaces with potentially hazardous atmosphere. However, no
instrument can completely guarantee that the atmosphere is free of con-
tamination simply because no readings are obtained.

The instrument itself should only be charged with its own AC charger.
No substitutions should be made. The calibration gas cylinders should
be handled carefully in accordance with good laboratory practices.



VIII. SAMPLE SIZE. COLLECTION. PRESERVATION. AND HANDLING

The Gasponder IV sample intake tubing will be placed in the soil gas
probe or near suspected entry locations for Cfy/l̂ S in residential
basements, and the CH4 and H2$ readings taken immediately.

IX. APPARATUS AND MATERIALS

Gasponder IV PGM-14
Tygon tubing
Battery pack and spare
Thermal-protected charger
Water trap and filter device
Methane/CO calibration cylinder
H2S calibration cylinder
Gas regulator and hose

X. ROUTINE PREVENTIVE MAINTENANCE

Only trained and authorized Lumidor personnel should attempt any mainte-
nance or repairs other than calibration and replacement of the battery
pack.

Calibration is discussed in Section 12. Battery pack replacement should
be done when the digital meter face indicates LO-BAT.

XI. REAGENTS AND CALIBRATION STANDARDS

Two calibration gas cylinders are supplied with the instrument:

CH4/CO (50% LEL and 250 ppm CO)
H2S (25 ppm)

New cylinders should be reordered from Lumidor when the regulator indi-
cates that the cylinder is near empty.

XII. CALIBRATION PROCEDURES

1. Initial start-up and zero set

a. Place selector at any "ON" position. All alarm lights should be
"ON." Alarm horn should activate for several seconds, and
display will indicate 1.888.

b. Turn selector switch to "BATT. TEST." Reading should be 4.9V
minimum.

c. If less than 4.9V, place on charge for several hours.

d. Attach sampling hose and pinch tightly. "LOW FLOW" alarm should
indicate and horn should sound.



e. Instrument should be run at least IS minutes.

f. Place selector on "BATT. TEST" - check reading.

g. Place selector on H2S and set "ZERO."

2. Calibration

a. Locate opening provided at side of main case to gain access to
calibration adjustment for H2S and

b. Attach flow regulator on Methane/CO cylinder.

c. With selector set to "Cfy," check "ZERO" setting. If necessary,
readjust with panel adjustment only.

d. Repeat step 2 for "H2S."

e. Return selector switch to the "CH4" position. Turn on flow
regulator, and connect hose to unit using quick disconnect
fitting.

f. After one minute, adjust calibration screw until reading is the
same as stated on cylinder label. (i.e. 50% LEL) .

g. Turn off flow regulator and remove regulator from cylinder.

h. Attach flow regulator to cylinder marked H2S (RED).

i. Turn selector switch to the H2S position. Turn on flow regu-
lator and connect hose to unit using quick disconnect fitting.
After three minutes, adjust calibration screw until reading is
the same as stated on cylinder (i.e. 225 ppm) . Disregard "02"
alarm that occurs during this test.

j . When calibration procedure is completed, remove the gas regu-
lator from cylinder, carefully repack all components, and
replace calibration cover securely.

XIII. SAMPLE PREPARATION

Not applicable, analysis is done directly on waste mass gas in sampling
probe or residential air.

XIV. ANALYTICAL MEASUREMENT

1. Attach sampling hose to gas inlet and lower into probe. Do not allow
hose to contact any water or leachate. In residential basements,
place hose near cracks in foundation or sump pump areas.

2. Switch dial to "Read ppm F^S." Record on Soils Data Form.



3. Switch dial to "Read % LEL Methane." Record on Soils Data Form.

4. Remove hose from probe or sampling area, and proceed to next sampling
location.

XV. FLOW CHART

Not applicable.

XVI. DATA TREATMENT

Not applicable. Record results of calibration on Field Meter Instrument
Calibration Log and results on Soils Data Form.

XVI I I. QUALITY CONTROL

Not applicable as measurements are real time direct read-outs. An
upwind off-site location will be measured daily before field work to
determine background conditions .

IX. REFERENCES

1. Lumidor Safety Products Operating Instructions for Gasponder IV
Model PGM-14, May, 1987, Revision I.

2. Lumidor Product Service (305) 625-6511.

XX. METHOD VALIDATION DATA

Not applicable as CH4 and H£S are being measured for field screening to
select sampling locations.
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